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Preface 



Early in its history, the Commission organized 
seven panels. Each dealt with a major area of 
interest pertinent to the responsibilities assigned to 
the Commission by the*" Marine Resources and 
Engineering Development Act of 1966, P.L. 
89-454. Thus, a means was provided to focus on 
the basic problems and to recommend solutions in 
critical areas. This report is the work of the Panel 
on Industry and Private Investment. 

The panel gathered information from many 
people, 3 including approximately 150 personal 
interviews with key figures. A series of conferences 
was sponsored by the Ocean Science and Tech- 
nology Advisory Committee (OSTAC) of the 
National Security Industrial Association (NSIA) to 
assist the panel. The panel utilized detailed state- 
ments and reports provided by: OSTAC; the 
National Chamber of Commerce; the Oceano- 
graphic Committee of the National Association of 
Manufacturers; the National Academy of Engi- 
neering, Committee on Ocean Engineering; the 
National Oceanography Association; and various 
organizations under contract to the Commission 
and the National Council on Marine Resources and 
Engineering Development. Much information was 
derived from symposia sponsored by various tech- 
nical societies and universities during the period in 



1 Individuals making primary contributions are listed 
in Appendix A. 



which this report was being prepared. In addition, 
the panel participated in formal hearings with 
representatives from Federal and State government 
agencies, industry, universities, and non-profit 
institutions. Finally, the help of Charles C. Convers 
and J. Stan Stephan was enlisted for particular 
portions of the text. 

The report has been carefully reviewed by 
consultants and various experts throughout gov- 
ernment and industry, to whom the panel is 
indebted. 

Kenneth Drummond, of Texas instruments, 
served as Panel Executive Secretary. Of major 
assistance to the panel in writing the report were 
the following staff members: Timothy J. Coleman, 
Union Carbide Corp.; James VV. Drewry, University 
of Virginia; Amor L. Lane, American Machine & 
Foundry Co.; and R. Lawrence Snideman II, The 
Oceanic Foundation. The panel greatly appreciates 
the contributions of these individuals and the time 
made available by their organizations. 

Respectfully submitted, 

Richard A. Geyer, Chairman 
Charles F. Baird 
Taylor A. Pryor 
George H. Sullivan 
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M a j o r Recommendations 



This chapter includes summaries of highlight 
recommendations which are applicable to the 
broad sector of ocean industries. 

L NEED FOR ADVISORY COMMITTEE 

The Government and industry long have 
worked together at all levels in marine-oriented 
activities. To aid in the design and implementation 
of a meaningful National program future Govern- 
ment planning should continue to encourage and 
anticipate information and advice from industry. 
The Government also should solicit information 
and guidance from the States and the academic 
community. This need will increase as ocean re- 
source development accelerates with an accom- 
panying inciease in multiple use conflicts. 

The present need for closer cooperation has 
intensified for several reasons: 

—Development of ocean resources is accelerating. 

—This rapid development, accompanied by in- 
creased awareness of the ocean’s vast potential and 
concern with pollution and conservation, requires 
the most efficient mobilization of the Nation s 
capability. Much of this capability already exists 
both without and within the Government, includ- 
ing extensive facilities, trained manpower, and 
experience in the development and use of marine 
resources. 

—The accelerated development of marine resources 
has revealed that it is imperative to achieve 
understanding between multiple users in order to 
define the present and anticipated scope of con- 
flicts and to recommend suitable mechanisms for 
resolving them. 

The Commission was charged by Congress to 
recommend an adequate National marine science 
program and a Governmental organizational plan 
to carry it out. In determining the nature of this 
organization, the panel finds that provision should 
be made to allow meaningful participation of 
industry, the States, and the academic community 
in planning, execution, and review of this program. 



Recommendation: 

An advisory committee composed of representa- 
tives appointed by the President from private 
industry. States and regions, and the academic 
community sho ild be statutorily created. This 
committee would participate in the establishment 
of National marine goals and objectives and 
provide continuing guidance to the Federal Gov- 
ernment. 

II. NEED FOR CONSOLIDATION OF FED- 
ERAL FUNCTIONS 

Many Federal agencies have responsibilities in 
the ocean, but to date no strong focus and in some 
instances no clear delineation of responsibility 
exist. 

Federal programs and functions should be 
consolidated to: 

—Enable improved planning and direction of 
marine programs. 

—Provide more efficient and meaningful services 
through better utilization of Government man- 
power, funds, and facilities. 

—Permit more efficient conduct of non-military 
research and development required for expanded 
marine activities. 

—Provide a means for handling special problems 
related to small, ocean-oriented businesses of 
critical importance. 

—Provide a focus for information and technology 
exchange. 

—Aid in training and education of required man- 
power. 

Recommendation : 

Many marine functions of existing agencies and 
bureaus should, wherever possible, be consolidated 
to improve the effectiveness of the Government’s 
participation in a National marine program. 
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III. MULTIPURPOSE TECHNOLOGY 

Technology in itself is not a severe limitation to 
industry’s physical ability to perform an operation 
in the ocean. Cost, however, may often be 
prohibitive. Consequently, future technological 
innovations that reduce costs will accelerate the 
utilization of the oceans. Therefore, early develop- 
ment of lower cost technology is required. In 
addition, other innovations may create opportu- 
nities to develop entirely new industries. 

Technology and services that benefit a broad 
sector of present and potential users and which are 
beyond the capability of a given industry tradi- 
tionally have been sponsored by the Government. 
When such programs are necessary they should be 
oriented to scientific and basic engineering prob- 
lems. To insure an industrial base capable of 
supporting accelerating National ocean exploita- 
tion, it is imperative that development projects, 
where practical, be performed by industry under 
appropriate contractual arrangements. 

Recommendation : 

The Federal Government should initiate in the 
near future a program to assure development of 
basic multipurpose technology that will enhance 
the capability of a broad spectrum of users to 
perform useful work on and in the oceans. 

IV. AVAILABILITY OF CAPITAL 

Some ocean industries are so new in areas of ad- 
vanced technology that their potential is not fully 
understood by investors. Nevertheless, many con- 
cepts of profitably using the ocean are sound, and 
the investment community has been intrigued 
greatly by overall ocean endeavors. It is the feeling 
in this community that raising funds for projects 
with reasonable profit potential will not be a 
problem, and therefore direct Government pecu- 
niary aid will be rarely necessary. 

In view of the National interest in the oceans, 
and lack in most cases of a need for direct 
Government financial aid, the panel feels that 



indirect incentives directed toward establishment 
of a favorable business climate should be em- 
ployed where pertinent. 

Recommendation : 

Government policy should be to develop and 
mamtain a business chmate encouraging ocean- 
related investments. Special indirect incentives, 
rather than direct financial aid, are advised when a 
well defined National interest exists and the 
private sector’s response is inadequate. 

V. SEASTEADING- A MEANS TO ATTRACT 
ENTREPRENEURIAL INVESTMENT 

The ocean environment has received much 
promof >nal attention and many ideas have been 
conceived for ocean development. At present, 
however, numerous jurisdictional bodies have no 
procedures at ail to convey rights to submerged 
land. Where procedures exist, they am often in the 
form of complicated and expensive leases which 
constitute a particular burden to individuals and 
small companies. Thus, to stimulate the imagina- 
tive development of selected underwater areas, the 
States should adopt a system of simple, attractive 
leasing, which one might refer to as “seasteading.” 
The term of the “seastead” should be sufficiently 
long to justify large investments that may be 
necessary. Among the possible applications of 
seasteading would be aquaculture and such recrea- 
tional uses as underwater parks and hotels, but not 
development of petroleum and other minerals. 

Recommendation : 

To encourage innovative uses of the ocean 
other than petroleum and hard mineral develop- 
ment, State governments should initiate ex- 
perimental programs for leasing submarine areas 
(‘‘seasteading”) within U.S. territorial waters, con- 
tingent on useful employment of the property. 
Such programs should be a part of a plan for the 
orderly, rational development of offshore regions. 
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Chapter 1 Introduction 




I. PANEL OBJECTIVES 

Two objectives of the Marine Resources and 
Engineering Development Act are to accelerate 
development of marine environment resources and 
to encourage private investment enterprise in ex- 
ploration, technological development, marine com- 
merce, and economic utilization of such resources. 

These statutory objectives have estaDlished the 
framework for the work of the Panel on Industry 
and Private Investment. Thus the panel has pro- 
ceeded from the premise that an increase in 
commercial marine activity is in the National 
. terest and should be supported by both the 
public and private sector. The panel’s principal 
mission has been to determine what specific 
actions are both necessary and appropriate and 
what mutual roles are to be played by the public 
and private sectors. 

The panel particularly wishes to emphasize the 
key importance of industry s participation in 
advancing the Nation’s use of the seas. It is 
industry which under its own initiative has devel- 
oped much of the technology now used in ocean 
operations. The know-how of industrial personnel 
will be crucial to technological extension. Certain 
sectors of private industry also command capital 
resources substantially exceeding those govern- 
ment is likely to be able to assign to civil ocean 
projects. 

The larger companies, at least, are capable of 
assigning resources to a steady and programmed 
effort that can be sustained over the years with 
greater confidence than a project subject to the 
uncertainties of annual Congressional appropria- 
tions. Industry can often sponsor programs in the 
ocean without fear of political criticism. Moreover 
private companies can operate in foreign areas and 
icach agreements with foreign governments (such 
as those of the oil industry in the Near East or of 
mining companies off South Africa, England, and 
Malaysia) that would be more difficult to achieve 

at a government-to-government level. 

The panel’s work has been directed to the 
following major subjects: 

-What are the implications of the statutory intent 
that marine resource development be accelerated 



in terms of regulatory policies, incentives, and 
services to industry? 

— 1 What impact would a strengthened Government 
program in marine science ?*d engineering have 
upon private and industrial activity in the oceans 
and upon the economy as a whole? 

—What will be the private sector’s requirements 
for capital in order to realize the potential for 
ocean development? 

— How can industry collaborate effectively with 
government and the academic community in the 
planning and execution of a truly National marine 
program? 

These questions identify major problems to 
which the panel’s efforts have been directed. From 
several alternative means to stimulate investment 
in marine industry, the panel has selected the most 
promising, attempting to weigh their benefits 
against possible detrimental effects. 

This report should be read in conjunction with 
the Commission report and the other panel re- 
ports. For instance, the Panel on Marine Resources 
has reviewed in detail the potential of marine 
resources; the Marine Engineering and Technology 
Panel has proposed a fundamental technology 
development program intended to advance the 
Nation’s capability to utilize such resources. 

II. POTENTIAL FOR INDUSTRIAL GROWTH 

The potential for greatly expanded industrial 
activity in the oceans clearly is present. Within the 
next 20 years, the world population is expected to 
increase by some 50 per cent. 1 About three-to- 
four times more gas and oil will be required 
annually. 2 It has been estimated that offshore 
sources will provide in a decade about one-third of 
the world’s petroleum. 3 It also has been estimated 



1 United Nations, “World Population Prospects,” Pop- 
ulation Studies No. 41, 1966, Table A3. 2. 

2 Weeks, L. G., “The Gas, Oil, and Sulfur Potentials of 
the Sea,” Ocean Industry , June 1968, p. 43. 

3 Ibid ., p. 48. 
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that world-wide fish catches can be quadrupled, 4 
and many feel there is a great potential in 
aquaculture for raising marine species of high 
economic value. Ocean mining activities could 
expand rapidly as technology for economic re- 
covery and processing develops, and an interesting, 
although still very ill-defined, potential exists for 
deriving new drugs from marine life. 

More immediate opportunities are present 
among the non-consumptive uses of the sea and 
coastal zone— in recreation, transportation, waste 
disposal, and scientific inquiry. The demand for 
the major aquatic activities of outdoor recreation 
in this country will have tripled by the year 
2000. 5 The annual tonnage of international trade 
is expected to double in 20 years. 6 

Profit-motivated private enterprise traditionally 
has provided one of the most potent avenues for 
growth. Providing a political and economic climate 
that will allow U.S. ocean industry to meet these 
needs is a challenge to the Nation. 

III. NATIONAL INTEREST IN THE OCEAN 

Several reasons for Government encouragement 
of industrial activities in the ocean are listed 
bel.fw: 7 

—Expanding population and a rising standard of 
living will consume natural resources at an acceler- 
ating rate. Government and industry must have 
comprehensive knowledge of both renewable and 
non-renewable resource inventories, both in the 
ocean and on land, to manage these resources 
effectively and help determine international trade 
policy. 

—Maintenance of reasonably stable prices and 
marketing arrangements requires an adequate level 



4 BuiIis, H. R., Jr. and Dr. J. R. Thompson, “Harvest- 
ing the Ocean in the Decade Ahead,” Ocean Industry , 
June 1968, p. 60. 

5 Bureau of Outdoor Recreation. 

6 National Council on Marine Resources and Engineer- 
ing Development, “Marine Science Affairs- A Year of 
Plans and Progress,” Government Printing Office, Wash- 
ington, D.C., February 1968, p. 73. 

7 Other factors justifying the National interest in the 
ocean are reviewed in some detail in two other reports: 
“Effective Use of the Sea,” report of the Panel oil 
Oceanography, President’s Science Advisory Committee, 
June 1966, pp. 1-3; Report of the Commission on Marine 
Science, Engineering and Resources. 



of proven reserves to meet future needs and a 
diversity of sources to establish a potential for 
competition. 

—Due to the forecasted demand for natural re- 
sources, it is becoming increasingly important for 
industry to make the best possible projections and 
concomitant decisions concerning the most 
economical sources of supply. 

—Domestic production of minerals offshore yields 
some foreign exchange savings when contrasted to 
an import alternative. The resultant relatively 
modest saving at this point may be offset by 
repercussions in markets for U.S. exports, but 
until the Nation’s overall payments problem has 
eased, the balance-of-payments aspects cannot be 
ignored. 

—Encouragement of appropriate ocean industries 
by the Government will contribute to the Na- 
tional economy in the form of capital investment, 
increased employment, and productivity. 

—Many benefits accrue to National security from 
industrial competence in the oceans. These include 
industrial marine technology, equipment, man- 
power skilled in ocean operations, an ability to 
obtain critical natural resources needed during a 
prolonged National emergency, and the capability 
to build and maintain an adequate merchant fleet. 

IV. GOVERNMENT AND INDUSTRY ROLES 

The profit motive is and should continue to be 
a dominant factor guiding this Nation’s marine 
industries. With profit a primary objective, indus- 
try will have to develop the basic data, skills, and 
industrial organization necessary to utilize the sea. 

The purpose of the programs recommended by 
this panel is to advance the capabilities of private 
business to develop ocean resources to a degree 
allowing comparison with onshore techniques, 
products, and services. With this capability, more 
rational investment choices can be made between 
land and ocean resources. To that end government 
and industry must work closely togs ther. 

A. Government Role 

The rate of marine industrial development will 
be the result of many factors that influence 
profitability: demand, availability of technology, 





V-5 



capital, manpower, domestic and international 
competition, and availability of alternative sources 
of food and minerals ashore. Government policy is 
an additional and important factor in marine 
development but cannot be truly effective unless 
supported by other determinants. Government 
policy cannot create, foT instance, a thriving ocean 
mining or fisheries industry in the absence of an 
economically sound market situation. 

Public policy sets the tone for industrial prog- 
ress. The Government, through its establishment 
and interpretation of the political environment, 
determines the ultimate climate for industrial 
growth within its jurisdiction. This climate can be 
promotional or restrictive depending on the priori- 
ties established. Many phases of Government 
action can be used to promote ocean progress. At 
a minimum, Government has a responsibility to. 

-Enunciate National policies and objectives con- 
cerning U.S. marine interests. 

-Assist in planning for optimum use of limited 
public resources and adjudication of conflicting 
uses of the sea. 

-Adopt regulatory policies which will not dis- 
courage private investment. 

-Provide special incentives to certain marine 
industries in their embryonic phase when in the 
National interest. 

-Undertake and improve the description and 
prediction of the marine environment and assess 
possibilities of modifying it for the ultimate 
mutual benefit of all users of the sea and coastal 

zones. 

—Initiate, support and encourage education and 
training programs to provide competent manpower 
on all necessary levels for marine-related activities. 

-Provide for protecting life and property at sea. 

—Sponsor programs to obtain basic information 
for industry’s delineation and development of 



marine resources as well as ensuring proper conser- 
vation practices, 

-Aid in the advance of science and basic technol- 
ogy necessary to operate within the marine envi- 
ronment. 

-Negotiate acceptable international arrangements 
to conduct marine industrial activity. 

—Assure that National security is given proper 
consideration in ocean development policies. 



B. Industry Role 

Based on the profit motive, industry is the 
instrument that gives economic value to ocean 
resources. Discovery of new resource potentials 
will be of no benefit without the capability to 
exploit them economically. Development of an 
efficient marine industry, on the other hand, not 
only can make the riches of the seas accessible to 
this Nation and to the world, but also can assist 
U.S. economic development and help strengthen 
this Nation’s position in international trade. 

The traditional and proper role of industry is 

to: 

—Generate the ideas, methods, and risk capital 
required for continued industrial progress. 

-Discover, delineate, develop, and market marine 
resources within the constraints of proper conser- 
vation practices and equitable solutions promul- 
gated to solve multi-user problems. 

—Provide capital equipment and services funda- 
mental to ocean operations. 

—Contribute to the support of scientific research 
and technological development. 

—Participate in development of manpower for 
ocean operations through in-house training pro- 
grams and aid to education and research within the 
universities. 



8 The Government role defined here is substantially in 
greement with the role stated by the President s Sf-ence 
Vdvisory Committee, Panel on Oceanography, in nffec- 
ive Use of the Sea, 5 ' P- VIII, June ^966. 
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Chapter 2 Present Status and Outlook for Marine Industries 



L PROFILE OF PRESENT INDUSTRIAL AC- 
TIVITIES 

The ocean industries are a heterogeneous group 
with a multitude of interests. In size, the activities 
vary from a major petroleum company operating 
many large offshore oil and gas fields to an 
independent fisherman earning less than $2,000 
per year. 

Chapter 4 reviews in : renter tail the status 
and peculiar problems of s d in istries engaged 
in oce_m resource recovery use o the sea. 

The following table depict th- ~atus of domes- 
tic ocean industries in twe h id categories— 
existing and future. It lists only those that use the 
ocean directly, as contrasted v. Th such support 
industries as diving or instrument manufacture. 
Table 1 also takes into account that some seg- 
ments of an industry fall into different categories. 
Thus, mining offshore sand, gravel, and oyster shells 
represents a mature segment of an ocean industry. 
On the other hand, offshore placer mining is a 
near-term, promising industry and sub-bottom 
mining (mining of deposits within the bedrock) is 
not envisioned until much later. 

There are tremendous differences in present 
and anticipated rate::, of growth of ocean indus- 
tries. Although all categories of ocean enterprise 
share common problems, distinct differences exist 
in their operating requirements, investment, degree 
of competition, and relationship with Govern- 
ment. Moreover, the needs of some industries such 
as fishing, vary in nature and degree from segment 
to segment. 

Government action to foster development of 
specific industries must be flexible enough to take 
this heterogeneity into account. Thus, certain 
existing Federal policies and programs may need 
no more than minor adjustments for industries 
that are mature and have a healthy growth rate; 
for example, little or no direct aid is needed to 
boost oil and gas production on the Continental 
Shelf. On the other hand, where a technology with 
great potential has just begun to advance, such as 
desalination, the Government’s assistance in re- 
search and development and participation in pro- 
totype construction might be decisive in maintain- 
ing the industry’s initial momentum. Occasionally, 



Table 1 

PRESENT STATUS OF DOMESTIC 
OCEAN INDUSTRIES 



Type 


Examples 


Existing industries 
Mature, healthy, 
and growing 


Continental sh^ ,r .41 
and gas 

Chemical extraction 
from sea wate~ 

Mining of sand, gravel, 
sulfur 

Shrimp and tuna fishing 
Surface marine "ecrea- 
tion 


Early stage of 
growth 


Desalination 
Bulk and container 
transportation systems 
and associated termi- 
nals 

Aquaculture, fresh 
water and estuarine 
Underwater recreation 


Mature, but static 
or declining 


Most segments of fish- 
ing 

Merchant shipbuilding 
Merchant shipping 
(U.S.-flag vessels) 


Future Industries 
Near-term promis- 
ing (where near- 
term is up to 15 
years) 


Mining of placer min- 
erals 

Oil and gas beyond the 
continental shelf 


Long-range 


Sub-bottom mining 
(excluding sulfur) 
Aquaculture, open 
ocean 

Deepwater mining 
Power generation from 
waves, currents, tides, 
and thermal differ- 
ences 



positive action of a fiscal, legal/regulatory, or 
technological character might be needed, as in the 
steadily deteriorating groundfish fishery in view of 



the National interest in rehabilitating domestic 
fisheries. Finally, there are U.S. Continental Shelf 
industries, such as hard mineral mining, that are 
still in their infancy but whose economic potential 
and importance to the Nation justifies removal of 
legal and regulatory obstacles and creation of 
special indirect incentives to attract initial explo 
tion. 

II. VALUE OF OCEAN ACTIVITY 

Many public and private studies have been 
made to assess the overall scale of ocean business, 
using a variety of techniques to describe the size of 
the investment and the market. A survey of these 
studies ievealed that no estimate is satisfactory for 
all purposes. Many are defective because of redun- 
dancies, oversights, and inaccuracies of component 
figures; inconsistencies in methods of compilation; 
and disagreement of essential definitions. Further, 
results have sometimes been oriented to such 
conflicting objectives as showing the magnitude of 
market opportunity, supporting advertising ex- 
penditure, or showing the need for greater private 
investment or further Government expenditures. 

While estimates have been as high as $50 
billion, the panel believes that the true value of 
ocean activity in terms of contribution to Gross 
National Product is between $15 and $25 billion. 
This includes recovery and processing of all natural 
resources, the sea transportation industry, the 
marine recreation industry, Government expendi- 
tures, and net export of marine goods and services. 

The panel commends the National Council on 
Marine Resources and Engineering Development 
for the progress in quantitatively describing many 
areas of ocean activity. An urgent need exists, 
however, for more comprehensive statistics that 
will further identify the areas of redundancy, 
improve comparability, and take into account the 
statistics reflecting such factors as investment, 
sales, and contribution to GNP. The Government, 
working with industry, should develop a method 
to compile the data necessary to the periodic 
publication of the required statistics- 

ill. INDUSTRY ATTITUDES TOWARD OCEAN 
INVESTMENTS 

Because the United States has a free enterprise 
system, capital and effort are directed to war 



ventures offering the likelihood ol the greatest 
returns on investment, whether they be on shore 
M' at sea, at home or abroad. Howe u, industry s 
evaluation of the prospects of profit in me oceans 
is influenced substantially by regulatory restraints, 
legal uncertainties, and the possibility that the 
^ •■vernment will sponsor a major ocean program. 

!l «e other hand, the element of excitement in 
^uuiciputing m a new industry may stimulate 
-vest ent in rest be) ond the prospect of im- 
cerd retur 

Bjt» the . density of interest and re ed 
: ..a of in dment in this field arc evide: eed 
: . • *• lumbe >f acquisitions and meigers oo:ur- 
iing "V in o. in-oriented industries. Small m- 
panic in the ~eld with limited capital ard a 
: ztv. :1 proc :t line or service frequently find it 
adva .eous :r merge with larger firms. In some 
insta. s the> ire forced to terminate operations, 
a n typic :! of young industries. 

Trie offsho ; petroleum service industry is an 
excellent example of the diversification trend. In 
particular, the offshore drilling companies, origi- 
nally characterized by wide-ranging cycles of 
business activity, are now large, established firms. 
They have stabilized successfully their level of 
business by diversifying into such areas as ocean 
engineering, exploration, diving, mining, construc- 
tion, pipelaying, and even fish processing. As a 
result, the Nation’s largest drilling companies have 
more than quadrupled their gross revenues during 
the last five years. 

Ocean industry, in general, is not looking for 
subsidization, which in this report is defined as 
direct financial aid. Instead, industry is seeking 
various indirect means to minimize risk. Such 
means usually are peculiar to certain phases of 
each industry, and include definition of jurisdic- 
tional boundaries, environmental prediction, fiscal 
incentives such as accelerated depreciation, ocean 
surveys, and such Government contracting policies 
as cost plus fixed fee. 

For example, the mining industry has identified 
the need for reconnaissance surveys to guide 
further delineation of deposits; a petroleum oper- 
ator would like longer-range scheduling of offshore 
lease sales; and a fisherman would sometimes 
desire the opportunity to use foreign-built vessels. 
TT. 2 * fewer the uncertainties and the less restrictive 
regulation, the sooner capital and technology 
vv: . be available for new ocean opportunities. 



IV. CAPITAL SOURCES AIMD REQUIREMENTS 

Many ocean industries in areas of advanced 
technology are so new that they are not fully 
understood. Investors are concerned with such 
factors as obsolescence in a technology develop- 
ing at an accelerating rate. Nevertheless, many 
concepts of profitably using the ocean are sound, 
and the investment community has been intrigued 
greatly by ocean endeavors. This enthusiasm has 
been indicated by considerable publicity and 
advertising in the popular press and business 
journals, the creation of two ocean mutual funds 
in the last year, and numerous symposia and 
publications sponsored by brokerage houses. 

In general, capital has not been lacking to 
finance current industrial ocean projects, despite 
high economic risks. Further, it is anticipated that 
capital will remain available for projects judged by 
the investment community as having profit poten- 
tial. 

Capital for ocean projects is derived from many 
sources. The petroleum industry has in general 
been able to generate and/or obtain funds readily 
to meet its very substantial capital requirements 
for bonus bids, new technology, exploration, and 
drilling. A substantial portion is raised from the 
public based on an individual firm’s credit, a factor 
constituting one of the great strengths in offshore 
growth. To date, about $18 billion has been 
invested world-wide by the offshore petroleum 
industry, about $13 billion by U.S. firms. 1 It is 
expected that by 1980 the world-wide cumulative 
investment will reach $55 billion. A large portion 
of this will have to be raised through borrowing or 
public subscription. 

Capital for expansion and modernization of the 
U.S. fishing fleet has been far less plentiful due in 
large part to high economic risks and legal re- 
straints. In addition, many fishing vessels are 
owned by small entrepreneurs having only limited 
access to capital markets. A detailed analysis of 
this industry’s situation and recommendations to 



Richard J. Howe, “Petroleum Operations in the 
Sea- 1980 and Beyond,” Ocean Industry, August 1968, p. 
30. 



help meet its special capital needs is provided in 
the fishing section of the ocean industry chapter 
of this report (Chapter 4). 

During \ u •' l few years, several large aero- 

space firms (r :h as Lockheed, North American- 
Rockwell, Ger/’ral Dynamics, and Grumman) and 
other large c ipanies, (such as Westinghouse, 
General Ele^ Alcoa, Reynolds Metals, and 
Union Carbide) rave invested millions in ocean 
ventures. They lave tended to emphasize the 
heavy hardware -nd systems approach required for 
special ocean work. Several of the Nation’s largest 
shipyards now are controlled by aerospace or 
conglomerate firms intent upon instituting new 
and more efficient shipyard parctices. 

Risk capital in the hands of entrepreneurs 
finances a variety of ocean ventures. It is very 
difficult to estimate the actual investment from 
this source. However, the reservoir of venture 
capital potentially available for raw investment 
opportunities, both land and ocean oriented, has 
been estimated at $3 billion. 2 The availability of 
so much risk capital is a very important character- 
istic of the Nation’s ability to enter new fields and 
develop new technology. In summary, the panel 
finds that capital usually has been and is expected 
to be available to finance industrial ocean projects 
with profit potential. 

In view of the National interest in the ocean, 
and lack in most cases of a need for direct 
Government financial aid, the panel feels that 
indirect incentives through establishment of a 
favorable business climate are essential. 



Recommendation: 

Government policy should be to develop and 
maintain a business climate encouraging ocean- 
related investments. Special indirect incentives, 
rather than direct financial aid, are advised when a 
well defined national interest exists and the private 
sector’s response is inadequate. 



2 Panel on Invention and Innovation, “Technological 
Innovation: Its Environment and Management,” U.S. 
Department of Commerce, 1967, p. 42. 
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Policies To Accelerate Industrial Development of Marine Resources 



I. GOVERNMENT SPONSORED RESEARCH 
AND DEVELOP wiENT 

Optimum utilization of ocean resources will 
require a very Liibstantial increase in knowledge of 
ocean characteristics and development of new 
technology. The propriety of Government assist- 
ance to scientific and technical advancement com- 
mensurate with the National interest and industrial 
needs is well established and widely accepted. 
Furthermore, this means of accelerating industry’s 
marine effort is cost-effective, impartial, and can 
be terminated as objectives are attained. 

A. Survey Programs 

Far more information and greater research 
efforts are necessary if potential ocean uses are to 
stimulate the effort they merit. For example, 
programs are needed to generate survey data on 
living resources, reconnaissance-scale geological 
features, and environmental characteristics. At the 
same time reSP'ich activities must be undertaken 
to advance the ability to interpret these data, 
without this ability the survey programs could not 
be effective. 

Experience has demonstrated that such research 
and survey activity can stimulate development of 
technical capabilities, make existing operations 
more efficient, and accelerate innovation. 

The panel has found that industry today will 
readily use additional bathymetric and geophysical 
surveys and geological analysis of the Continental 
Shelf, slope, and rise. This is of particular impor- 
tance to the mining industry, but also would be 
helpful to the petroleum industry, particularly in 
deeper waters and in remote areas where even 
general geological characteristics remain unknown. 
These surveys should be reconnaissance in nature, 
detailed exploratory surveys should be conducted 
by industry. 

Recommendation : 

Bathymetric base maps overlaid with geophysical 
and geological information should be prepared to a 
scale of 1:250,000 for the continental shelves, 
slopes, and rises of the United States within 15 to 
20 years. Selection of areas to be surveyed should 
be based on priorities that take into account user 
needs. 



This information will provide the foundation 
for more detailed exploratory work by industr 
Derailed exploration will be expensive, and a firr. 
engaging in the work will require extensive initial 
survey data to reduce costs and risks. Furthc 
reconnaissance surveys are expected to uncover 
host of new industrial opportunities. 1 

Precedent for this work has been set by onshore 
mapping. Survey programs must not become end: 
in themselves but should support many objective;: 
including those of industry. 

B. Programs in Multipurpose Technology 

Technological innovations that reduce an ocean 
operation’s cost will improve profit outlooks and 
accelerate marine resource development. Conse- 
quently, a basic technology program oriented 
toward reducing costs relevant to a wide variety of 
user interests will compress the timetable for 
utilization of the seas’ resources. 

The Panel on Marine Engineering and Technol- 
ogy states that a 10-year program of intensive 
undersea development is in the National interest 
and recommends that it begin immediately, em- 
phasizing fundamental, multipurpose technology. 

Government sponsorship of such a program is 
appropriate if the effort concentrates on such 
basic and widely applicable areas as development 
of data on materials performance, concepts for 
simple tools, and hyperbaric physiology. In most 
instances, large-scale projects that benefit only a 
specific industry more properly should be carried 
out by that industiy. The process of selecting 
specific projects must take into account needs oi 
the Government, scientific community, and indus- 
try, and must avoid competition with private 
industry. 

Recommendation : 

The Federal Government should initiate ir the 
near future a program to assure development of 
basic multipurpose technology that will enhance 
the capability of a broad spectrum of users to 
perform useful work on and in the oceans. 



1 Additional discussion of survey needs is found in the 
Report of the Marine Resources Panel. 
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r Mature and Extent of Government Sponsorship 

Selected objectives wherever possible should be 
undertaken by the private sector under contract. 
This will permit private industry as well as the 
Government to be familiar with the objectives, 
characteristics, problems, and opportunities that 
become apparent during planning and implementa- 
tion. Under these circumstances, we can expect 
that industry will aggressively seek commercial 
application of new technology. 

Experience over the last 20 years clearly dem- 
onstrates the very great advantages that follow 
from the participation of numerous organizations 
in the pursuit of technological objectives. The use 
of contractors in research and development pro- 
jects demonstrates its advantages both for the 
Government and private organizations. For ex- 
ample, the success of civil aviation followed in 
very large measure from Government’s reliance on 
private firms to develop military aircraft. The 
private firms were able to draw upon this experi- 
ence to design civilian aircraft. A similar process is 
applying nuclear energy to civilian use. 

Another example of sponsored research and 
development is the extensive investigation by the 
Office of Saline Water of methods to recover fresh 
water from the sea. The program is conducted 
largely through contracts with industry, causing 
wide diffusion of knov/ledge and experience and 
stimulating private efforts- 

Business firms in oceanographic industries, as in 
others, differ enormously in their relationship to 
new technology. There are a few firms whose 
business is primarily that to perform research and 
development and hence to generate new technol- 
ogy. A larger but still small group of firms 
undertakes to develop new technology only in 
order to support their principal activities. These 
two groups constitute the Nation’s R&D industry. 
Most firms are receptive to new technology emerg- 
ing from outside of their own organizations 
though the receptivity differs widely. Many firms 
lack the competence, capital, or interest to react 
to new technology except in immediately usable 
form and are dependent upon others for whatever 
changes occur. The conceptual problems and the 
absence of data make exact analysis impossible. 2 



One function of Government ii 
technology should be to enhanc 
firms to react to new technology; 
Aside from educing public cos: 
ability increases the variety 1 effo: 
that econoni,- considerations '.re in 
in the appraisal and develop 'i:ni 
nology. 

Since circumstances will differ r 
ject, the Government’s arrangeme 
participation should continue to be f 
consistent with the premi e tl* .! 
should seek maximum utilization oi 
bill ties. In some circumstances, join: 
in a development project, includin 
costs, would be appropriate. Wher 
acquired the capabilities to pursue ar 
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Government should withdraw. 

Withdrawal of Government supp \nd control 
at the earliest time that private firi can assume 
responsibility will greatly increase t .e prot ability 
that innovations will be carried into the market 
place. Industrial groups are usually eager to assume 
complete sponsorship of technical projects as soon 
as the probability of success outweighs remaining 
risk and a reasonable return on investment can be 
expected. 



Re com me nda tio n : 

When Government research and development pro- 
grams are required in the National interest, they 
should be planned and administered to permit 
private industry to assume responsibility for fur- 
ther technology development at the earliest possi- 
ble stage. 



D. Technology Transfer 

A recent Congressional report defined technol- 
ogy transfer as follows: 3 

Technology transfer is the process of matching 
solutions in the form of existing science and 
engineering knowledge to problems in commerce 
or public programs . - . . The Federal Government 
“controls” ( sponsors , directs , is responsible for) a 
large reservoir of technology ranging from research 
results , to practical techniques and devices, to 
patents . 



2 A more complete discussion of this subject is found 
in “Basic Research, Applied Research, and Development 
in Industry, 1965,” The National Science Foundation, 
1967. 



3 A report of the Subcommittee on Science and 
Technology to the Select Committee on Small Business, 
U S. Senate, “Policy Planning for T Sinology Transfer,” 
April 6, 1967, p. 1. 
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Accurate information available on a timely 
basis is essential to all users whether industry. 
Government, or university oriented. Despite 
marked progress by all concerned in the past few 
years, problems of adequate dissemination have 
grown faster than generally recognized. 

Another report summarizing a detailed study of 
technology transfer conducted for the National 
Commission on Technology, Automation and 
Economic Progress stated : 4 

Devising means of channeling new technologies in 
promising directions- and bringing about the utili- 
zation of new technology? for significant purposes 
other than the immediate use for which it was 
developed— has become an activity ranking among 
the most intellectually challenging of our time . . . ■ 
The transfer and utilization of new technology 
offer immense opportunity to the Nation . There is 
widespread agreement among those who have 
studied the issue that the knowledge resulting 
from the public investment in R. &D. constitutes 
a major , rapidly increasing , and insufficiently 
exploited national resource. Its effective use can 
increase the rate of economic growth, create new 
employment opportunities , help offset imbalances 
between regions and industries ; aid the interna- 
tional competitive position of U.S. industry , en- 
hance our national prestige , improve the quality of 
life , and assist significantly in filling unmet human 
and community needs. It is recommended that 
more effective use of this technology resource 
become a national goal established at the highest 
levels. 

The panel endorses the findings and recommen- 
dation quoted above. 

Recommendation : 

Budgets of marine-related Federal agencies should 
be augmented in order to ensure proper documen- 
tation as well as satisfactory dissemination of data 
and technology. 

While it is important that new technology be 
documented and disseminated, publication of the 
information is not always sufficient to effectively 



4 Richard Lesher and George Ho wick, Assessing 
Technology Transfer,” National Aeronautics and Space 
Administration, 1966, p. 5. 
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transfer the new knowledge to potential users. 
Person-to-person contact is an extremely effective 
method of transfer, although slow and expensive. 

Considerable know-how gained in technology 
development lies in a grey area between scientific 
information and natentable inventions . 5 If this 
exists in industry because of Government con- 
tracts, transference already has been accomplished 
to at least one user, and the marketplace will 
provide further transfer more effectively than if 
the information were held within the Government. 

As an example, the Atomic Energy Commission 
provided financial assistance to develop new tech- 
nology directly related to civilian use of nuclear 
energy. But knowledge of nuclear energy acquired 
by private firms as contractual performers of 
Government projects made possible the rapid 
transfer of this technology to civ :1 ian applications. 

Recommendation: 

Person-to-person contacts should be encouraged 
between groups working in related technological 
fields. Such contacts could be achieved through 
contract programs, special information exchange 
programs, and reciprocal arrangements between 
industry, government, and the academic commu- 
nity' whereby their scientists and engineers would 
be exchanged. 

Patents constitute another important form of 
technology transfer. The panel notes that the 
patent policies of all agencies of the Federal 
Government have been under review, that the 
Presidential memorandum of Oct. 10, 1963, was 
intended as a general Government policy state- 
ment, and a major review of such policy was to be 
published in late 1968. 6 The panel further recog- 
nizes the subject’s complexity and notes that 
many procedures of the various agencies constitute 
serious inhibitions to the effective participation of 
private enterprise in advancing new technology. 

An intense controversy exists over the policy of 
some agencies of the Government regarding rights 
in patents evolving from work supported partially 



5 Senate Select Committee on Small Business, April 6, 
1967, op. cit., p. 1. 

6 Harbridge House, Inc., “Government Patent Policy 
Study, Final Report,” Volumes Mil, Federal Council for 
Science and Technology, Committee on Government 
Patent Policy, Government Printing Office, Washington, 
D.C., 1968. 
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or fully through Federal grants and contracts. The 
magnitude of the problem is such that it cannot be 
ignored. Federal R&D expenditures now exceed 
$16 billion a year. For the past decade, the 
Government has provided by grant or contract 
more than one-half the R&D money spent in 
industry, thus tending to stimulate invention. 

However, the basic principle of some agencies 
of the Government is that titles to patents on 
innovations arising from use of public monies 
should be assigned to the Government and the 
information contained therein made available to 
the public without payment of royalty where 
consistent with National security. On the other 
hand, industry, university, and other private inter- 
ests contend that this policy tends to impair 
technology transfer and reduce innovation, as it 
deprives the inventor of initiative and discourages 
investment capital. 

The paradox is that the Government at one and 
the same time stimulates invention through its vast 
R&D expenditures, yet it apparently impedes its 
spread into commerce through certain of its patent 
policies. A new equitable patent policy is needed 
urgently to renew the stimulation of inventiveness 
while protecting the taxpayers’ interests. 

Withholding scientific and technical data from 
the public because of security classification, or 
because of restrictions under the Mutual Security 
and Export Control Acts, is another source of 
difficulty. The panel commends the work of the 
Senate Small Business Committee in calling atten- 
tion to the practical difficulties encountered by 
industry in obtaining Government-generated scien- 
tific and technical information. The overall prob- 
lem is serious, and applies to all Federal agencies, 
although the Navy is of prime importance with 
respect to marine technology since the largest 
percentage has been developed under Navy spon- 
sorship. 

The Oceanographer of the Navy has estimated 
that more than 90 per cent of the Navy-developed 
raw oceanographic scientific information is unclas- 
sified and therefore should be made available to 
the public. Nevertheless, as indicated earlier, there 
are insufficient funds to disseminate such informa- 
tion except for standard charts and publications 
intended for the maritime industry. A much 
greater percentage of oceanographic technological 
information is not available to the public. One 



major reason for this is that it is frequently found 
in reports associated with classified subjects. In 
addition, it has been stated in Congressional 
testimony that an important barrier in information 
release arises from a diverse interpretation of 
military security regulations. 7 Classified reports 
frequently contain important contributions to 
marine technology and should be reviewed periodi- 
cally to identify those portions that can be 
released for public use. The panel recognizes that 
the Department of Defense is making a concerted 
effort to make available results of military research 
and development. 

An important function to be performed within 
the Commission’s Governmental organizational 
plan is developing cooperative arrangements in- 
volving DOD and the civil marine agencies to 
assure that all Government data are made available 
to the private sector at the earliest possible time 
consistent with National security. Special atten- 
tion should be given to the criteria with which 
DOD assigns classification to ocean-related data as 
well as to employment of the “need to know” 
requirement for certain classified and unclassified 
material. The Atomic Energy Commission Advi- 
sory Committee on Non-Nuclear Technology has 
performed an important service in this area. The 
panel believes that this service should be extended 
to the oceanographic field. 

Recommendation : 

The Department of Defense and civil marine 
agencies should be directed to review and modify 
their procedures to ensure that the private sector 
has timely access to all classified and unclassified 
Government data as soon as possible consistent 
with security considerations. Particular attention 
should be devoted to the information exchange 
problems of small business. 

An advisory committee should be charged with 
periodic review of the effectiveness with which all 
Government marine agencies are able to identify 
and disseminate information to potential users. 

11. SUPPORTING SERVICES 

The Federal Government provides many serv- 
ices directly and indirectly affecting ocean Indus- 

7 Senate Select Committee on Small Business, April 6, 
1967, op. cit., p. 27- 
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tries. Other than the resource management services 
and scientific research provided by many Govern- 
ment agencies, several additional areas are ex- 
tremely important to industrial ocean operations. 
These include weather forecasting and charting 
operations of ESSA, geological survey work of the 
Department of the Interior, maintenance of navi- 
gable waterways by the Corps of Engineers, and 
navigational aids and life and property protection 
services of the Coast Guard. The Navy also provides 
important services in salvage, environmental pre- 
diction, and mapping and charting. The National 
Oceanographic Data Center provides the function 
of soliciting and disseminating those marine data 
capable of being machine processed. 

Although the many Government services are 
not discussed in detail in this report, they are 
considered important. Indeed, the panel finds 
Government support services assist a great variety 
of ocean operations and often are critical to the 
success of industry efforts. 

Some specific recommendations affecting pres- 
ent and future needs for these services are found in 
other sections of this report. Supporting services 
are discussed in more detail in the report of the 
full Commission. In general, it is essential that 
support services provided by the Federal and State 
governments for a variety of ocean operations be 
continued and increased wherever growing activity 
warrants. The effectiveness of these services can be 
increased by improved coordination and in some 
cases consolidation of effort and facilities. 

111. JURISDICTION AND LEASING POLICIES 

Government and industry interests are inti- 
mately involved in the terms under which public 
lands are assigned for private use. 

Almost all ocean mineral resources are located 
on public lands. The seabed and its resources fall 
within the sovereignty of the States along the 
coast out a distance of three miles except in two 
States. 8 Most of these lands have been retained 
under State ownership but in some instances 
development rights have been ceded to counties, 
townships, and private individuals. 

Beyond the zone of State jurisdiction and out 
to a dep + h cf 200 meters or beyond to where the 

8 Off Texas and the Gulf Coast of Florida the distance 
is three leagues (about nine miles). It should be noted that 
the boundary is not always precise due to a lack ot 
agreement as to the coastal base line. 



depth of the superjacent waters allows exploita- 
tion, the seabed and its resources are under the 
jurisdiction of the Federal Government. Although 
submerged lands beyond 200 meters in depth have 
been leased to private industry by the Govern- 
ment, the United States has not officially claimed 
jurisdiction over natural resources in the seabed 
and subsoil beyond the 200 meter line. U.S. 
jurisdiction over fisheries extends out to 12 miles. 

A. Definition of State Boundaries and Baselines 

The boundaries dividing seabed areas of Fed- 
eral, State, and local jurisdiction; those dividing 
privately-owned areas from the public domain; and 
those dividing the area appertaining to the United 
States and the ocean beds falling beyond U.S. 
jurisdiction are beset with ambiguities. These 
uncertainties already are troublesome for business 
operations and appear certain to grow more severe. 

The problems are complex and varied. In many 
locations the definition of the shoreline itself is 
unclear due to the character of the terrain, 
marshlands, floating islands, tidal effects, and 
migrating sand bars all complicate boundary prob- 
lems. Many instances are recorded of private 
property washed aw. y or submerged by storms, 
where resulting doubts about title must be re- 
solved in court. In other cases, the uncertainty of 
shoreline location and the manner in which base- 
lines should be drawn across bays and between 
islands creates an ambiguity in locating the bound- 
ary between State and Federal jurisdiction. 

A second major source of uncertainty is the 
historical claim for States’ rights beyond the 
three-mile limit. Jurisdiction of three leagues 
(more than nine miles) from shore has been 
recognized by the Federal Government for Texas 
and the Gulf of Mexico shoreline of Florida. In the 
case of Florida, the lack of a definitive boundary 
between the Atlantic and Gulf Coasts at the south- 
ern end of Florida further complicates the issue. 
Maine, citing a pre-Revolutionary War charter as 
justification, recently claimed jurisdiction as dis- 
tant as 200 miles from its coast and has sold oil 
and natural gas exploration rights within this zone, 
an action which the Federal Government is ex- 
pected to challenge. 

A myria of local arrangements to develop 
nearshore sources, particularly shellfish, has 
caused further confusion. Among the States there 
is a great variety of legal conventions regarding 
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ownership of shoreline properties and rights within 
the tidal zone. There is confusion regarding the 
seaward extensions of the boundaries between 
States, A clear agreement between Federal and 
State governments as to responsibility for mam 
aging and developing fisheries within the three-to- 
twelve mile zone also is lacking. 

The unsatisfactory status of the Nation’s 
marine boundaries and the Federal Government’s 
responsibility to take the lead in its clarification 
has long been recognized. The problem can be 
deferred no longer. A waiting policy operates only 
to discourage private investment and to complicate 
resolution of claims in areas where investments 
have been staked. 

The panel endorses the recommendation for 
solving marine boundary problems proposed in the 
Panel Report on the Coastal Zone. It recommends 
formation of a National Commission to create new 
criteria for fixing shore boundaries, establish these 
limits for each coastal State, and negotiate with 
Federal and State interests regarding the limits. 
The intent is to establish fixed boundaries for 
domestic purposes only, breaking from traditional 
reliance upon the principles of common law. 

Recommendation: 

A National commission should be established 
immediately to clarify the marine jurisdictional 
limits of the U.S, coastal States. 

B. Definition of National Jurisdiction 

The legal problems presently hindering orderly 
industrial ocean development arise primarily from 
State and Federal laws and regulations. However, 
this concern with laws affecting activities within 
National boundaries also includes clarification of 
the National boundaries and the international 
aspects of exploiting resources beyond them. This 
subject is discussed in greater detail in the Report 
of the Commission’s International Panel. 

As an example of the difficulties encountered, 
two companies have acquired from two different 
nations the oil rights of the same section of sea 
floor off the Grand Banks. Canada believes it has 
jurisdiction over the mineral wealth of the Banks, 
but France, which owns the islands of St. Pierre 
and Miquelon, also claims a portion. 

Because the United States has not officially 
recognized the jurisdictional boundaries of some 



nations, many problems arise, other than area 
access, that affect U.S. companies. A company 
mining, for instance, off the coast of South 
America in an area of disputed jurisdiction will not 
only find that it must pay U.S. import duties, but 
that it may not be allowed an investment tax 
credit or . edit for taxes paid to the nation 
claiming jurisdiction. International agreement on 
national jurisdictions will eliminate uncertainty 
and permit U.S. companies operating in such areas 
to take advantage of many fiscal incentives nor- 
mally available to domestic companies. 

Companies considering offshore oil and mining 
ventures will be reluctant, and in some cases 
restrained, from making sizeable investments un- 
less the Continental Shelf’s limits are precisely 
defined and a new international legal-political 
framework is agreed upon to govern exploration 
and exploitation beyond these limits. Until this is 
accomplished, the United States should encourage 
continued exploration and exploitation beyond 
the 200 meter isobath. 

Recommendation: 

The U.S. Government should take the initiative in 
proposing a new international framework for 
exploiting ocean mineral resources to: 

—Define clearly the limits of National jurisdic- 
tions. 

—Govern operations beyond these limits. 

C. Exploration and Lease Terms 

Oil, gas, and sulfur are the only mineral 
resources being recovered from the outer Conti- 
nental Shelf under Federal jurisdiction. Phos- 
phates, gravels, sand, shells, and certain placers are 
being taken from inshore waters under State 
jurisdiction. Petroleum exploration and drilling 
conducted in both Federal and State regimes 
clearly dominate these activities. 

The terms under which mineral rights in outer 
Continental Shelf lands may be assigned to private 
developers are specified in the 1953 Outer Conti- 
nental Shelf Lands Act. 9 

The Act requires that rights tc minerals be 
subject to competitive bidding. This system has 



9 This subject has been under extensive review for 
some time by the Public Land Law Review Commission. 
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worked effectively for the oil industry. But 
the mining industry believes strongly that con- 
sidering the risks and very high costs associated 
with exploration and proving hard mineral re- 
serves, the potential profits are not now suffi- 
ciently attractive to support competitive bidding. 
The problem is presented in detail in the Ocean 
Mining section of Chapter 4 in this report and in 
the report of the Marine Resources Panel. At a 
minimum, development of outer Continental Shelf 
hard mineral resources will require amendment of 
the Outer Continental Shelf Lands Act to take into 
account differences between petroleum and 
mining operations. 

Recommendation: 

The Outer Continental Shelf Lands Act should be 
amended to give the Secretary of the Interior 
additional flexibility in assigning rights for mineral 
development. 

There also are barriers to assigning rights in 
areas within State jurisdictions. For economic and 
technological reasons, sea bottom mining can 
generally be expected to begin in the shallower 
waters, which are usually in State rather than 
Federal jurisdictions. Because of little actual ocean 
mining, State laws generally do not provide for it, 
although several along the coast now have correc- 
tive laws under consideration. This situation makes 
it very difficult for a company to evaluate a 
potential mining venture, because the leasing 
procedures, rights, and total costs cannot be 
determined readily. 

Recommendation : 

The States should enact procedures that will 
encourage hard mineral exploration and exploita- 
tion on their submerged lands. 

Several guidelines for such procedures are dis- 
cussed in the Ocean Mining section of Chapter 4. 

D. SEASTEADING 

The panel believes that entrepreneurs’ acquisi- 
tion of rights to submarine areas would stimulate 
many facets of ocean development. There are 
countless ways an imaginative entrepreneur could 
develop the seabed and water column. However, 



the present legal and regulatory framework does 
not encourage individuals and small companies 
with innovative ideas to develop such real estate. 
Where procedures exist, they generally are limited 
to oil, gas, and mineral rights and require payment 
of sizeable legal fees and bonuses. 

The person or company having an innovative 
idea often is unable to devote the time and money 
to obtain exclusive ocean rights. Initially, projects 
usually are high risk, and uncertainty in obtaining 
favorable leases often compounds the economic 
risk, making the expected value of the return too 
low to justify the capital investment. 

The State governments should seek to devise 
“seasteading” arrangements— simple, attractive 
leasing procedures specifically for the innovative 
use of the seafloor and water column. Great 
benefits are to be gained by encouraging entrepre- 
neurial investment. For example, the States should 
ponder the increase in tourism likely to spring 
from such underwater attractions as parks, hotels, 
and restaurants. In addition, aquacultural projects 
for shellfish and fin fish could be quite profitable 
and a source of tax revenue. 

The procedure most attractive to both govern- 
ment and the entrepreneur probably will be a 
long-term, renewable lease conditioned upon use- 
ful development. The lessee should be allotted 
sufficient time to make a profit on his investment. 

The seasteading approach also is fully consist- 
ent with the need for the orderly, rational develop- 
ment of marine areas. Leases can be carefully 
drafted so that each seasteadefs operations will 
mesh with the desired pattern for overall develop- 
ment. Moreover, if decided that a particular 
seastead subsequently is more suitable for another 
use, perhaps petroleum or hard mineral develop- 
ment, the specific termination date of a lease 
enables a change at a time anticipated by the 
seasteader. 

The leases should be established so as not to 
conflict with the more complex procedures al- 
ready used to allocate sectors of the ocean bottom 
for petroleum exploration and development. 
Indeed, petroleum and other mineral rights should 
be expressly excluded from the leases. 

In addition to many difficulties not yet fore- 
seen, interference with such uses as navigation and 
fishing would pose special problems for seastead- 
ing. An obvious way to avoid conflict with other 
uses would be to select locations where such 
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activity is light. The same purpose could be 
achieved by limiting development projects to 
certain parts of the water column. 

Recommendation: 

To encourage innovative uses of the ocean other 
than petroleum and hard mineral development, 
State governments should initiate experimental 
programs for leasing submarine areas (’‘seastead- 
ing”) within U.S. territorial waters, contingent on 
useful development of the property. Such pro- 
grams should be a part of a plan for the orderly, 
rational development of offshore regions. 

Although the panel recommends seasteading 
only within territorial waters, such a concept will 
have increasing merit in waters farther offshore as 
ocean activities expand in new uses of the sea. Just 
as in the territorial waters, seasteading will be a 
means of providing investment protection to inno- 
vative users from multiple use conflicts. Therefore, 
the Government should consider the advantages of 
special leasing arrangements beyond territorial 
waters. 

IV. JOINT VENTURES 

Joint ventures probably will allow many ocean 
ventures not otherwise possible considering invest- 
ment size and high risk involved. Companies must 
be alert to such opportunities as: 

—Collaboration in research and development of 
ship design and shipbuilding methods, as practiced 
in competitive countries, may be fruitful. 

—Consortia for ocean mineral exploration and 
development may prove necessary in certain cases 
to attract sufficient risk capital. 

“Joint ventures in expensive deep ocean research 
may shorten the period necessary to collect 
essential data in many fields. 

—Insurance pools covering offshore equipment and 
structures may allow improved coverage for 
marine operations. 

V. INSURANCE 

From large petroleum companies to small sup- 
ply and diving businesses, offshore operators have 



had difficulty obtaining adequate insurance cover- 
age. Many aspects of the problem are being solved 
by underwriters, but several remain, impeding 
progress. Two unsolved areas are discussed below. 

A. Offshore Installations 

At one time, U.S. insurance companies insured 
such offshore items as rigs, platforms, pipelines 
and small submersibles. However, business became 
so unprofitable to the few companies in the field 
that U.S. underwriters vacated the market and left 
Lloyds of London as the sole insurer. Now the 
gross annual premiums on offshore installations 
have climbed to an estimated $80 million and U.S. 
companies are showing signs of renewed interest. 
For instance, several participate in reinsurance 
through Lloyds, while at least one U.S. company 
recently has written a direct policy in this area. 

In 1968, several underwriters attempted to 
form a syndicate to cover this phase* of offshore 
industry but the proposal had not been effected at 
the time of writing this report due to considera- 
tions of profitability and possible anti-trust implica- 
tions. The panel encourages the efforts of the 
insurance companies to pool their resources to 
undertake the high offshore risks. In time, various 
factors will improve the insurability of offshore 
installations, including: 

—Improved actuarial statistics. 

—A lower rate of damage and loss due to improved 
technology. 

—A broader insurance base resulting from acceler- 
ating offshore investments. 

Until the insurance companies find the business 
more profitable, it appears that the companies 
operating offshore will continue to pay high 
premiums or in some cases resort to local pooling 
or self insurance arrangements. 

B. Personal Injury to Workers Offshore 

The panel Finds the insurance cost for personal 
injury in the offshore areas extremely high and for 
some small companies prohibitive. A major reason 
for this is that by law many offshore workers may 
choose between compensation and litigation when 
seeking recovery for injury; thus the underwriters 
have no sound basis to evaluate premium ratings. 



At present, insurance companies cannot predict 
whether litigation or compensation procedures will 
be followed in each case of accidental injury to an 
offshore worker. Litigation awards are determined 
by juries and are often extremely high; yet, the 
injured worker may receive a substantially reduced 
amount of recovery, perhaps nothing at all, if he is 
proved negligent. Recovery under compensation 
laws, on the other hand, is automatic, but the 
amounts fixed by compensation schedules for the 
various kinds and degrees of injuries are generally 
much lower than litigation awards. 

The dilemma relates to the coverage of the 
Federal Longshoremen’s and Harbor Workers’ 
Act, which sets rates of compensation for injuries 
occurring upon navigable waters to maritime em- 
ployees other than seamen. The Act provides an 
administrative procedure to eliminate the need for 
redress through litigation in this specific area. 
However, it has not been modernized to account 
for such equipment as manned submersibles and 
mobile drilling rigs. Thus, employees on mobile 
equipment at sea are able to seek recovery either 
through compensation under the Longshoremen’s 
Act or by litigation on the theory that they are 
“seamen.” 

When a claimant has such a choice, he can elect 
the method that maximizes his recovery. Thus the 
probable claim liability is higher, resulting in larger 
premium costs to fivj offshore operator. If only 
one means of recovery were available, the claim 
liability would be reduced. Consequently, the 
panel recommends enactment of legislation to 
ensure that only one method can be used to 
determine claim liability. Since it is simpler, less 
time-consuming, and establishes greater certainty 
in predicting liability, the compensation procedure 
is preferable to litigation. 

Recommendation : 

In order to reduce insurance costs, the Longshore- 
men’s and Harbor Workers’ Compensation Act 
should be amended so it will be the exclusive 
method to determine claim liability for injuries to 
offshore workers. 

VI. COLLABORATION IN DEVELOPMENT 
PLANNING 

In today’s economy, industry finds its opera- 
tions affected crucially by Government actions. In 



turn, the plans of industry have a critical effect on 
meeting National objectives. Clearly ocean devel- 
opment must be a total National enterprise in 
which government, industry and the academic 
community plan and work together on a contin- 
uing and effective basis. 

The consequences of uncoordinated action are 
easy to foresee. For example, installations located 
in areas of doubtful sovereignty might be rendered 
worthless should international agreements change; 
expensive port developments might be circum- 
vented by new modes of transportation; invest- 
ment in recreation facilities might be jeopardized 
by changes in the environment. 

Yet the difficulty of achieving effective collab- 
oration in development planning should not be 
underestimated. Oceanic activities inherently in- 
volve great risk. No one can forecast accurately the 
rate of technological development nor ihe manner 
in which international law will develop. There are 
additional uncertainties which constrain partici- 
pants from commitments necessary to an effec- 
tive plan. The Government, for instance, inhibited 
by political circumstances from committing funds 
to multiyear projects, usually stipulates that its 
plans are contingent upon the availability of 
appropriations. Many industries, then, hedge their 
plans to protect themselves against changes in 
costs and markets. 

A. Consolidation of Federal Functions 

The Panel finds there is no single focus within 
the Government for fostering industrial develop- 
ment of ocean resources. Many Federal agencies 
have responsibilities in the ocean, but to date no 
strong focus and in some instances no clear 
delineation of responsibility has occurred. Consoli- 
dating some existing functions would have many 
beneficial effects. 

Planning and implementation functions have in 
the past been less than optimum due to the variety 
of interests and the fragmented responsibility for 
ocean endeavors. Improvement is needed in re- 
search planning, budgeting, and administration of 
funds. A means for better coordination and 
direction is imperative as ocean development 
accelerates and conflicts of use multiply. This 
could best be achieved if a number of Government 
functions were consolidated. Industry is not only 
perplexed with the number of agencies that must 
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be satisfied in conducting marine-oriented opera- 
tions, but is seriously impeded in its own planning 
process when, as often happens, uncertainty and 
conflict arise in the plans of various agencies. This 
is particularly true for service oriented Govern- 
ment agencies. 

Many agencies that influence ocean operations 
do so by providing such services as weather 
forecasting, charting, and collection of a variety of 
oceanographic data. It is believed that uninten- 
tional duplication could be minimized and supe- 
rior service could be provided for industry if some 
of these functions were consolidated. Not only 
could priorities be better determined, but greater 
efficiency could be achieved in the use of man- 
power and facilities, improving assistance to indus- 
try without increasing expenditures. 

Numerous civilian agencies with ocean interests 
splinter non-military research and development. 
Failure to clearly assign responsibility for ocean 
work often results in program oversights in impor- 
tant areas or frequently contributes to unnecessary 
duplication. The fragmentation of effort and lack 
of effective coordination and planning often result 
in priority and funding assignments at the project 
level that are inappropriate to the total National 
program. A far better base for conducting research 
and developing multipurpose technology would 
resuit from consolidation of some functions of 
existing agencies. 

Consolidation of some Government functions 
would provide greater visibility for ocean develop- 
ment, giving a great impetus to industrial develop- 
ment in the marine environment. A unified group 
can serve effectively as an information distribution 
center. Private organizations wishing to obtain or 
exchange data or information and to submit 
unsolicited proposals could make fewer contacts. 
A focus within the Government would provide one 
strong voice rather than many uncoordinated small 
voices. It would be extremely valuable to the 
President, the Congress, all the Federal agencies, 
and the entire Nation. 

Recommendation : 

Many marine functions of existing agencies and 
bureaus should, wherever possible, be consolidated 
to improve the effectiveness of the Government s 
participation in a National marine program. 



B. Government-Industry Planning Mechanism 

The Federal Government, industry, the States, 
and the academic community can make better 
decisions if fully aware of each other’s plans and 
activities. Better communication between the 
public and private sectors would help ensure 
orderly development of a National marine pro- 
gram. With the diverse nature of private oceanic 
endeavors and the size of private spending, it is 
essential that effective liaison be established be- 
tween Federal administrators and the private 
sector. The Government’s need for information 
and advice from industry, States and regions, and 
the academic community is becoming increasingly 
essential as development of ocean resources accel- 
erates with an accompanying increase in multiple 
use conflicts. 

Marine operations are replete with examples 
where joint planning is needed or must be im- 
proved: 

-The National Projects proposed in the Report of 
the Marine Engineering and Technology Panel will 
require especially close collaboration in planning, 
as much of the multipurpose technology devel- 
oped will be of value to industry. 

—Consultation is important in development and 
marketing of products and processes. Items being 
developed under Government sponsorship should 
not be competitive with those produced solely 
through the private sector. 

—More effective Government and industry consul- 
tation is needed in projecting schedules for leasing 
offshore lands. 

—The need to plan coastal zone use and resolve 
conflicts presents an especially important chal- 
lenge to Government and industry. The Panel 
Report on Management and Development of the 
Coastal Zone has recommended the establishment 
of coastal zone authorities on the State and local 
government levels . 10 

The role of these authorities would include 
planning for multiple use of coastal and lakeshore 
waters and lands and resolving conflicts of mul- 



10 Panel Report on Management and Development of 
the Coastal Zone, Chapter 10. 



tiple use. The Panel on Industry and Private 
Investment concurs in this recommendation. These 
authorities would solve routine cases of user 
conflict, leaving only problems of National scope 
to be resolved through Federal executive, legisla- 
tive, or judicial procedures. 

Recommendation; 

An advisory committee composed of represents- 
tives appointed by the President from private 
industry. States and regions, and the academic 



community should be statutorily created. This 
committee would participate in the establishment 
of National marine goals and objectives and 
provide continuing guidance to the Federal Gov- 
emment. 

Additional details concerning the nature and 
proposed functions of such an advisory committee 
are given in the Report of the Marine Engineering 
and Technology Panel and are endorsed by this 
panel. 
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Chapter 4 Ocean Industries 



I. INTRODUCTION 

The pane! has placed major emphasis on re- 
source industries (oil, natural gas, mining, fishing, 
and aquaculture), recognizing, however, that such 
other users of the ocean as the recreation and 
transportation industries also are immensely im- 
portant. Sea transportation is discussed in this 
chapter in general terms. A detailed discussion of 
recreation is found in the Report of the Marine 
Resources Panel. 

Since healthy and growing primary user and 
resource industries should foster sound supporting 
industries, each support and service industry has 
not been discussed individually. Instrument pro- 
duction, petroleum drilling, pipeline laying, diving, 
salvage, and weather prediction are among the 
many support and service activities. To illustrate 
the problems faced by one such industry, the 
panel has included a section on instruments since 
the need for instruments pervades all other indus- 
tries. 

Several resource activities— chemicals from sea 
water, seaweeds, and marine pharmaceuticals— are 
mentioned only in this introduction. 

A. Chemical Extraction from Sea Water 

Chemical extraction from sea water constitutes 
a successful industry with no major problems 
requiring Government action. 1 Salt, bromine, mag- 
nesium metal, and magnesium compounds are the 
only major inorganic chemicals presently ex- 
tracted. These industries, well-established in the 
United States, compete favorably with land-based 
operations. For example, magnesium metal ex- 
tracted from sea water accounts for over 90 per 
cent of total U.S. production, while bromine 
represents approximately half. These large shares 
of the market are produced in a single facility in 
Freeport, Texas. Salt production from sea water is 
centered in California. In addition, eight domestic 
plants rely on the ocean as a source of raw 
material to produce magnesium compounds. The 



^uch extraction is discussed in greater detail in the 
Report of the Panel on Marine Engineering and Technol- 
ogy. 



approximate value of chemicals extracted from the 
water column adjacent to the United States is 
estimated at $127 million. 2 

B. Seaweeds 

Domestic harvesting of various seaweeds a id 
extraction of many derivatives has evolved into a 
business with annual activity estimated by the 
panel in excess of $25 million. Algin, carragccnn, 
and agar are the most important commercial 
derivatives, but there are many others. They are 
utilized in many chemical processes, often in 
conjunction with the manufacture of food and 
cosmetic products including gelatin desserts, 
jams, baby foods, and toothpaste. In addition, 
kelp and other seaweeds have been used as 
fertilizer in an unprocessed form. Most seaweed 
harvested is brown kelp from California. 

In addition to harvesting natural seaweed, it is 
anticipated that aquaculture techniques will sup- 
plement the supply by growing some types of 
marine algae. There is, for example, a potential for 
raising and processing seaweed in ponds and rivers 
for ultimate use as animal feed. 

C. Pharmaceuticals 

The properties of marine bioactive substances 
have attracted widespread interest and appear to 
pose considerable promise regarding the preven- 
tion, treatment and cure of human ills. 3 Although 
the pharmaceuticals industry has sponsored some 
research there is little expressed interest in the 
marine pharmaceutical segment. Industry spokes- 
men have stated that most drug companies have 
many more research opportunities than they could 
possibly undertake, and the most promising of 



2 This represents the combined annual value of sea 
water production of salt ($8 million), magnesium metal 
($57 million), bromine ($30 million), and magnesium 
compounds ($32 million). In addition, desalination of sea 
water in this country yields $8 million of potable water. 
W. F. Mcllhcnny, “Chemicals from Sea Water,” Proceed- 
ings of the Inter-American Conference on Materials 
Technology , May 1968, p. 119. 

3 Report of the Panel on Oceanography, President’s 
Science Advisory Committee, “Effective Use of the Sea,” 
June 1966, pp. 52-54. 
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these are not associated with marine bioac;;ve 
substances. 

To discover a new compound may cost tens of 
thousands of dollars, either by synthesis or refine- 
ment from nature. However, once a drug is found, 
it usually ccv" millions of dollars to produce it 
commercially. Only one of every two to th-ee 
thousand compounds investigated becomes mar- 
ketable. Because of considerable development 
costs, a drug company must have some assun ice 
of exclusive i hts (patent or license) before it will 
spend the money, and it is often more difficult to 
obtain exclusive rights to naturally occurring 
products. 

Neverthel. .s, drug companies continue to ] ook 
to new sour: of supply, including the ocean. If a 

marine spec men is found tc contain . new 
substance v i drug potential, the pharma i. ctical 
companies .ay find it more economical eiver to 
synthesize me active ingredient, or culture the 
creature in the laboratory* In many cases, there- 
fore, the sea may be an initial source for a given 
drug, but not a continuing one. 

II. PETROLEUM 

A. Present Status and Outlook 

Demand for oil is expected to increase rapidly 
in the next 20 years. Much of the new domestic 
supply to meet this demand will be from offshore 
areas because a high percentage of the large, easily 
located accumulations on land already have been 
developed, while comparatively few have been 
found offshore. 

The Marine Resources Panel’s report includes 
recent projections of free world energy demand. It 
indicates that during the next 20 years the 
cumulative demand will be about three times the 
total produced throughout the free world during 
the last 100 years. Moreover, it is estimated that, 
between now and ihe year 2000, three-fourths of 
domestic energy needs will be met by oil and gas, 
despite increasing reliance on nuclear power and 
other new sources of energy* 

Although U.S, production of oil and gas has 
increased rapidly, domestic consumption has 
grown even more dramatically, contributing to a 
steady decline in the ratio of proven domestic 
reserves to annual production from about 13 in 
1950 to 10 in 1967. In addition, North America 



consumes about 45 per cent of free world petro- 
leum production but has only about If :er cent of 
the proven reserves. 4 

Hence a major problem facing the petroleum 
industry is to prove additional reserve -hose who 
forecast that the world soon would be running out 
of oil and gas supplies have seer advancing 
technology employed to find new reserves, and 
have had to revise their original prognostications. 
Today the oil industry is developing new technc t- 
ogy that will enable companies to evaluate and 
hopefully develop not only offshore 1 deposits, 
blit tar sands, oil shale, coal conversion processes 
and other sources on land that i not now 
economically recoverable. 

Petroleum producers are turnim the sea in 
the hope of finding anil developing lai- quantities 
of new reserves more economical- than they 
presently can on lane. Thus, even - rough oper- 
ating and capital costs are high on shore, the 
companies are hoping that fields rnt yet discov- 
ered in the comparatively virgin marine areas will 
be sufficiently large and productive to be highly 
competitive with land sources. 

B. Investment and Sales 

The petroleum industry produced about $1.0 
billion of crude oil in 1967 from the U.S. 

Table 1 

DOMESTIC OFFSHORE EXPENDI- 
TURES 



(Billions of Dollars) 






Cumu- 




1968 


lative 




(Est.) 


{Through 

1968) 


Lease Bonus and 
Rental Payments . - . 
Royalty Payments . . . 

Seismic, Gravity, and 


$1.25 

0.25 


$ 4.00 
1.85 

1.10 


Magnetic Surveys . 


0.10 


Drilling arid 
Completing Wells 


0.35 


3.10 


Platforms, Production 
Facilities, and Pipelines 
Operating Costs .... 
TOTAL .... 


0.25 

0.15 


1.85 

0.85 


$2.35 


$12.75 



Source: Richard J. Howe (Esso Production Research Co.), 
"Petroleum Operations in the Sea— 1980 and Beyond, 
Ocean Industry , August 1968, p. 29. 



*Oil and Gas Journal, Dec. 25, 1967, p. 119. 
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Table 2 
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3 Breakdown not available. 

4 Data as of Jan. 1 , 1967 not yet available. 

5 Daia for 1967 not yet available. 

Source; Oil and Gas Journal, May 6, 1968, p. 77. 



Continents Shelf, 5 representing approximately 12 
per /v 'mt t : total _.nual value of crude oil 

extra "tec n the United States. 

Ou'sh,.- production accounts for 16 per cent 
of otai v cr .1 production- 6 Comparing U.S. pro- 
duction of $1.0 billion with the estimated 1968 
investment of f2.35 billion shown in Table l,the 
offshore yield has yet to match the very large 
ocean expenditures by oil companies. Of the $4.0 
billion of bonus and rental payments for offshore 
site; raid zo date, $3.3 billion were paid to the 
U.S- Government and $0.7 billion to the States. 
The $-.35 billion of royalties paid to date, 
however, 'vas divided equally between the States 
and rT S- Government. 7 Table 2 indicates the 
relative position of the United States in offshore 
oil activity throughout the free world and also 
reveals the industry’s rapid growth since 1960. 

C. Nature ' the Industry 

The number and character of the companies in 
the industry defy concise description. At least 30 
to 35 U.S. oil companies are involved in offshore 
production, supported by hundreds of contractors 
who provide services for a large portion of the 
work done at sea. A small percentage of these 
contractors is controlled by the oil companies 
through majority stockholdings. Because of high 
operating risks and the large capital outlays re- 
quired, most companies producing oil offshore are 
large corporations. However, several small com- 
panies have formed groups to operate jointly 
offshore. Unlike offshore gas, the transmission of 
oil through pipelines is usually performed by the 
production companies. 

D. Problems and Recommendations 

Oil economics is a complex subject— not only 
from the standpoint of domestic production but 
also in regard to world production and import 
restrictions. The price of oil has been at a 
relatively stable level in the United States in the 
past. In the future, however, as demand ap- 
proaches conventional supply capability, the price 



5 U.S. Bureau of Mines, 

6 Richard J. Howe (Esso Production Research Co.), 

“Petroleum Operations in the Sea— 1980 and Be; miu, 
Ocean Indus..- August ’ 9- * - 29. 

1 Ibid. 



will be affected by costs of offshore production, 
alternative domestic sources, and U.S. import 
restrictions. This Panel has not attempted to 
analyze the oil industry in detail but has concen- 
trated on problems of the U.S. offshore oil 
industry and desirable adjustments to the present 
regulatory framework in light of higher offshore 
risks. 

Much capital is involved in recovering oil from 
the ocean bottom. Existing platforms in the Gulf 
of Mexico cost between $1 and $6 million 
depending on water depths and location, whereas 
site preparation costs on land are minimal. In 
addition, costs of operating over water are two to 
four times those on land, and offshore pipelines 
generally cost two to four times those onshore. 

One recent analysis of the costs of producing in 
a model field under actual conditions off Louisi- 
ana indicated that present-value net profit (using a 
nine per cent discount rate) dropped to only nine 
cents per barrel at ocean depths of 400 feet 
compared to 33 cents at 100 feet and 50 cents 
onshore. 8 No finding or bonus costs were included 
in this example because of variations from field to 
field. Moreover, a field of better-than-average size 
was assumed. It should be noted that the profits 
generated in deep water (nine cents) are not 
generally sufficient even to pay for either explora- 
tion or bonus costs. This example suggests that 
additional attention may be required for the 
problems related to the greater offshore depths in 
order to insure a continuing and healthy rate of 
activity in exploration and production. 

1. Timing of Federal Lease Sales 

The system of offshore lease sales is a complex 
subject now under intensive study by the Public 
Land Law Review Commission and the Department 
of the Interior. The competition in recent oil lease 
sales indicates the system is working reasonably 
well, but some aspects of the present policy should 
be altered. 

The timing of Federal lease sales has been 
erratic. Notice of sales well ahead of time would 
greatly aid industry budgeting, would enable the 
industry to improve its utilization of capita’ 



8 J. E. Wnson (Shell Oil Co.), “Economics of Offshore 
Louisiana,” presented before the Louisiana-Arkansas Divi- 
sion of the Mid-Continent Oil and Gas Assn., Sept. 12, 
1967. 
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er, and equipment, particularly with re- 
: j exploration and development activity, and 

oermit the gathering of more data to 
e- the property to be leased. 

~ ■ — isndation: 

" a lease sales for oil and gas development 
a: . _ 3 n the outer Continental Shelf should be 
lit- - ced further in advance than is current 



1 ral Lease Sales for Deep Water 

^68, there was a $600 million lease sale in 
.unta Barbara channel. Thus, several oil 
c inies ventured into very deep water— over 60 
p : - .;oiit of the acreage is below 600 feet and the 
comer of one lease is in water more than 1,800 
feet deep. The Santa Barbara sale involved special 
circumstances that compensated somewhat for the 
disadvantages inherent in greater depths. The 
trac:. are very near the shore; the oceanographic 
and meteorological conditions are mild when 
compared to the Gulf of Mexico; oil is in short 
supply along the densely populated coast of 
Southern California; and there are no restrictions 
on raies of production. The degree to which the 
deeper Santa Barbara leases will allow economical 
procmnion will depend greatly on technology yet 
to be developed or perfected and on finding large 
petroleum accumulations. 

The OCS Lands Act now limits the primary 
trm for exploration and development to a maxi- 
n:_. of five years. Continuing the trend toward 
esiDio ration and development in deep water, as 
wr£l as hostile areas such as Cook Inlet, Alaska, 
may make it desirable to lengthen the primary 
lease term. 

3. Production Rate Restrictions 

The Gulf region produces most of the domestic 
offshore oil and has the most proven ti.C. offshore 
reserves. Texas and Louisiana have set limits on 
nroduction rate of each well in accordance 
v\ percentage allowable. In order to offset 

costs ’ operations over water, both States use the 
equ allowable ratio to permit companies to 
prccuee oil from nearshore and offshore areas at a 
more mpid rate than on land. State ratios tradi- 
t: :r - ‘ iave been followed closely by the U.S. 



Government for application to offshore areas in 
the Gulf beyond State jurisdiction. 

Removal of restrictions on production from 
Federal leases mght well make Federal tracts, 
deeper and further offshore, more attractive to oil 
companies. However, tins would result in loss of 
severance tax revenue to Texas and Louisiana 
because of reduced onshore output and might 
cause the States to respond in kind, thus upsetting 
the existing economic and political stability. Past 
arguments in support of restrictions have included: 

—Restrictions are useful to balance supply and 
demand and to improve conservation. 

—Fields with marginal economics would be unable 
to compete with large efficient fields if the supply 
were not prorated. Thus, it has been reasoned that 
restrictions help maintain a standby production 
capability that could be mobilized quickly in times 
of need such as the Middle East crisis. 

The subject of prorationing involves political 
and economic ramifications related to the varying 
interests of large companies, small companies, and 
consumers. These extremely complex issues pres- 
ently are being reviewed by the Public Land Law 
Review Commission. 

The percentage allowable is continuing to rise 
due to ever increasing demand for petroleum. 
This increase will probably continue until the 
capacity of all wells is attained. Many expect this 
point to be reached in the next 5 to 10 years. 

4. Environmental Prediction 

The offshore oil industry operates in a hostile 
environment, particularly in hurricane areas. For 
operations under normal climatic conditions, the 
oil companies and their offshore contractors 
receive adequate environmental forecasts from the 
U.S. Weather Bureau and many private meteoro- 
logical companies. Nevertheless, improved data 
and forecasting techniques would proyide im- 
mediate cost savings. In view of substantial added 
costs during the hurricane season in the Gulf of 
Mexico, better hurricane data and prediction 
would be beneficial. 

The cost of shutting down during a hurricane 
threat in the Gulf of Mexico can be considerable. 
Off^iore operations are shut down to varying 
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degrees depending on the type of operation, 
degree of control and automation, and strength 
and proximity of the hurricane. It has been 
estimated that Hurricane Inez in 1966 cost 
I Louisiana operators $1.5 million in expenses and 
lost production even though the hurricane did not 
come near enough to cause any property damage. 

Property losses, as differentiated from shut 
downs, have been even greater. Hurricanes Hilda 
(1964) and Betsy (1965) each caused offshore 
property losses exceeding $100 million. 

Improved hurricane path prediction will reduce 
the degree and length of shutdowns. Greater 
knowledge of the wind, wave, and subsurface 
forces associated with hurricanes will allow im- 
proved design and construction techniques result- 
ing in savings in construction cost, property losses, 
and insurance premiums. 

Modification of intensity or path of hurricanes 
would have obvious advantages not only to the 
petroleum industry but all other marine and 
coastal interests. However, progress in hurricane 
research has been disappointingly slow; accurate 
prediction, modification, and perhaps control 
remain hopes for the future. To help in this 
problem, the Environmental Science Services Ad- 
ministration recently has intensified research at its 
National Hurricane Center. 

Very little is known about the size, shape, speed, 
and destructive power of hurricane waves. The 
more than 1,000 existing offshore platforms 
represent potential instrument sites to measure 
envirordnental conditions and their effects. Several 
offshore operators have indicated willingness to 
make their platforms available for data gathering. 
In addition, the use of laser or radar altimeters by 
aircraft may have potential for studying hurricane 
waves, and the study of their feasibility deserves a 
high priority. 

Recomme ndation : 

The U.S. Government, together with industry and 
the academic community, should intensify current 
efforts to improve understanding of hurricanes and 
their destructive effects. 

5. Technology Transfer 9 

A disappointingly small amount of the oceano- 
graphic and ocean engineering data and technology 

9 Oil and gas technology is discussed in the Report of 
the PaneLon Marine Engineering and Technology. 



acquired by various Government agencies has 
reached offshore operators. Such information and 
technology could benefit all offshore operations, 
especially the petroleum industry. Exploration, 
drilling, and production in deeper waters where 
technology must be more advanced make in- 
creased oceanographic knowledge more needed 
than ever. 

The responsibility for information exchange 
should not fall exclusively on Government 
agencies. The petroleum companies, by virtue of 
their many research efforts and ocean operating 
experience, have accumulated considerable knowl- 
edge on their own. Much of this is not genuinely 
proprietary and could be of great value to the 
Nation if disseminated among other private inter- 
ests and Government agencies. 

Unfortunately, greater exchange of information 
will not be easy. The knowledge, customarily in 
the sole possession of a few experts, is rarely well 
documented or advertised. Consequently, because 
person-to-person transfer generally has been ineffi- 
cient, enormous effort will be necessary to achieve 
greater interchange. 

There already have been some cooperative 
efforts by Government, universities, and the petro- 
leum industry to improve technology transfer in 
such subjects as environmental prediction, plat- 
form design, underwater completion, materials 
studies, and welding techniques. For example, one 
company with considerable expertise in under- 
water oil well completion gave a course on the 
subject. Seven petroleum companies signed up at 
$100,000 each, while the U.S. Geological Survey 
was invited to participate at no cost. On another 
occasion, a joint Navy-industry research project 
for measuring hurricane waves was established on a 
cost-sharing, information-sharing basis. 

6. Multiple Use Conflicts 

Conflicting uses of coastal and offshore marine 
areas is becoming an increasing burden to oil 
companies. Delays in offshore operations resulting 
from uncertainties brought about by such conflicts 
have cost the petroleum industry substantial sums. 
There is urgent need to bring private interests 
together with representatives from U.S., State, and 
local governments to develop a mechanism for 
rationally resolving the conflicts. The advisory 
committee recommended in Chapter 3 of this 



report could be helpful in developing such a 
mechanism. Further discussion on multiple use 
conflicts is also found in Chapter 3 with a more 
detailed discussion in the report on the Coastal 
Zone. 

7. Major Oil Spills 

The Nation is well aware of the deleterious 
effects of the grounding of the Torrey Canyon and 
other tankers. The subject of prevention and 
control of major oil spills is presently receiving a 
great deal of attention such as the joint pollution 
study conducted by the Departments of Interior 
and Transportation. A major part of the research is 
being done by petroleum companies. Nevertheless, 
the problem is far from solved and Government 
and industry attention is encouraged to develop 
technology to prevent, detect, and nullify the 
effects of oil spills from offshore production and 
transportation operations. 

Government regulations and enforcement are 
necessary to define responsibility and liability, and 
to ensure equitable distribution of costs of preven- 
tion and cure. Because the problem is complex, 
and great knowledge of the subject is held by 
industry, such technology development and legisla- 
tive action must be worked out by a combination 
of Federal, State, and industry experts. Emergency 
plans should be established to permit rapid action 
to contain and clean up major oil spills. 

8. Other Problem Areas 

Because of detailed treatment in other sections 
of this report and in other panel reports, sur- 
veys, 10 technology programs, 1 1 jurisdictional clar- 
ification, 12 and insurance problems 1 3 will not be 
discussed here. However, all these areas are of 
interest and importance to the petroleum industry. 

Ml. NATURAL GAS 
A. Present Status 

The sequence of operation in bringing natural 
gas to the consumer involves three functions: 

10 See Chapter 3 of this report and the Report of the 
Panel on Marine Resources. 

1 ! See Chapter 3 of this report and the Report of the 
Panel on Marine Engineering and Technology. 

12 See Chapter 3 of this report and the Report of the 
International Panel. 

13 See Chapter 3 of this report. 



production, transmission, and distribution. Petro- 
leum companies normally explore for and produce 
the gas. Transportation is handled by the trans- 
mission companies regulated by the Federal Power 
Commission (FPC) in all matters of interstate 
commerce. Distribution to consumers usually in- 
volves a separate group of independent companies 
regulated at the State level. Although the three 
functions commonly are carried on by independ- 
ent companies, a combination may be performed 
by one company through subsidiaries. Both the 
transmission and distribution industries are among 
the 10 largest U.S. industries in terms of capital 
investment. 

Sales of natural gas are expected to increase at 
an annual rate of about four per cent in the next 
decade. In fact, the percentage of total energy 
consumption represented by natural gas is ex- 
pected to increase slightly, in spite of the growth 
of new competitive primary sources of energy, 
particularly nuclear. As with oil, the offshore areas 
offer great potential for new reserves, and gas 
producers as well as transmission companies are 
making heavy commitments here. In 1967, over 
$300 million was paid to petroleum companies for 
natural gas produced offshore. 

Occurring in the same environment, offshore oil 
and natural gas operations share many technical 
and regulatory problems. But beyond that the gas 
industry faces a special set of constraints associ- 
ated with FPC regulatory policy. The growth of 
gas supply is closely tied to such policy not only 
through FPC regulation of gas transmission 
companies, but also regulation of the production 
companies to the extent of controlling the maxi- 
mum price at which natural gas can be sold to the 
transmission companies. 

B. Problems and Recommendations 

1. Reserves 

The National reserve-to-product ; on ratio (R/P) 
of natural gas has been declining steadily since 
1950, falling from nearly 27 years to slightly less 
than 16 years in 1968. 14 The optimum level of 
reserves cannot be authoritatively stated. Some 
companies believe that the national R/P ratio can 



14 The R/P ratio is the proven reserves divided by the 
current rate of annual production, a level of reserves 
stated in years. 
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continue to decline for an additional period 
without causing undue concern, resulting in a 
lower level of idle development capital for pro- 
ducers. However, individual companies already 
have felt the pressure of declining reserves, and it 
is doubtful that it would be in the National 
interest to allow much further reduction. 
Although the R/P ratio for oil is about 10 years, 
valid reasons exist for maintaining natural gas 
reserves at a level above 10 years. 

At some point the R/P must stop declining or 
the question of future ability to meet demand will 
cause concern to natural gas users and the financial 
community that provides funds for growth. When 
this point is reached, and certain companies feel 
that it has been, the National R/P ratio must be 
stabilized; with growing demand this implies a 
much greater rate of exploration and development 
than presently exists. Although conventional and 
perhaps completely new types of land sources will 
provide some supplies, it appears that the offshore 
areas will be of vital importance for several 
decades. 

Before the reserve ratio can be stabilized, 
incentives to production companies will have to 
increase. Two areas of FPC regulatory policy could 
be modified to provide part of tills incentive. 

The maximum price a transmission company 
can pay for gas at the wellhead is FPC regulated. 
The FPC recognized the importance of incentives 
for discovery of new supplies by adopting a 
two-price system in the Permian area rate case and 
a multi-price system in South Louisiana, a location 
with great potential for offshore reserves. Al- 
though differences between offshore and onshore 
operations were mentioned in the South Louisiana 
rate opinion, 15 the rates do not appear to reflect 
adequately the increased costs associated with 
offshore operations. As a result, the petroleum 
companies believe there is little financial incentive 
for them to search for offshore gas except in 
unusual circumstances. 

Recommendation: 

The Federal Power Commission should re-examine 
its differential price concept for natural gas pro- 
duction and make whatever adjustments are advis- 
able to reflect adequately the increased cost of 
offshore production. 

1 5 Federal Power Commission Opinion No. 546, Docket 
A.R. 61-2, Sept. 25, 1968. 



Under current procedures a gas transmission 
company will receive permission o construct a 
new pipeline to a production area if it can prove to 
the FPC, that, among other things, sufficient re- 
serves are in the area. A circular problem is there- 
fore created. Transmission companies are unwilling 
to firmly commit themselves to the purchase of gas 
from undeveloped reserves, and producers are 
reluctant to make the considerable expenditures 
necessary to develop the reserves without prior 
assurance of buyers. Furthermore, producers are 
unwilling to have their proven reserves revealed to 
the FPC when such public disclosure would 
seriously hurt the companies in competition for 
offshore lease bids. 

This problem does not lend itself to a simple 
solution. The panel recommends that, the FPC 
study every possible solution, including the accept- 
ance of sound business judgment as represented by 
suitable contractual commitments in substitution 
for geological evidence of reserves. The FPC also 
should examine its policies to determine tne 
extent to which efforts to establish proven reserves 
results in disclosure adverse to a company and 
methods by which such impact, if any, can be 
legitimately minimized. 

2. Technology 

The natural gas industry is faced with increasing 
competitive pressure in the energy market from 
new, high-technology energy sources. This, com- 
bined with increasing cost of gas supply, should 
provide a strong incentive to the transmission 
companies to reduce pipeline costs through im- 
proved technology to prevent increasing costs to 
the ultimate consumer. Despite this incentive the 
gas transmission industry has an extremely low 
level of expenditures for research and develop- 
ment. 

The industry lacks confidence in the present 
accounting procedures approved by the FPC for 
R&D. It is believed that lack of clear-cut definition 
places expenditures for some R&D activities in a 
very high risk category and therefore these are 
held to a minimum. When research is successful 
and results in improvement to a specific pipeline 
project, it is clear that the transmission company 
can capitalize the cost. 

If research is not successful, or if of a general 
nature, the accounting treatment of the cost is not 
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as clearly defined. In many cases it can be 
capitalized or allowed as an operating expense, but 
some projects may not be so treated. In the latter 
event, failure of a major R&D project would be a 
financial risk incurred by the company’s owners. 
This increased business risk would not be offset 
automatically by a compensating potential for 
increased profit since the mechanism of regulated 
return assures that the economic benefits of 
successful R&D now are largely passed on to the 
customer or in some cases the producer. The net 
result is an extremely low R&D expenditure in the 
industry and a reluctance to undertake the large, 
uncertain R&D expenditures necessary for techno- 
logical breaktlxrough. 

To account for an R&D expenditure after the 
fact in terms of “success” or “failure” appears to 
be an accounting practice inconsistent with the 
basic premise of research itself. Even if initial 
hoped-for results are not achieved, the research has 
closed out one option and provided a great deal of 
useful information in the process. Consideration of 
this principle could resolve the lack of agreement 
between the gas transmission industry and the FPC 
concerning accounting treatment for research ex- 
penditures. 

Recommendation : 

The Federal Power Commission should review its 
accounting regulations for research and develop- 
ment activities to determine whether such regula- 
tions are consistent with the legitimate need of the 
gas transmission industry for clear and realistic 
guidelines. 

With appropriate encouragement, the gas trans- 
mission industry could foster new technology that 
would increase the economic feasibility of gas 
production and transmission further offshore and 
in deeper water and also be important to the 
National oceanographic effort. For example, im- 
proved techniques for laying large diameter pipe- 
lines in deeper waters may well depart from the 
concept of the traditional lay barge and involve 
new seafloor construction techniques using new 
tools, habitats, submersibles, etc. 

C. Planning 

In recognition of the vital role of the offshore 
areas as a source of gas for the industry, the FPC 



recently assumed the responsibility to assure that 
adequate planning exists for natural gas transporta- 
tion. Although a major proposal submitted by a 
consortium for sharing larger and more efficient 
pipeline systems was denied by the FPC in 1967, 
every indication, including policy statements 
issued in 1968, is that future offshore pipeline 
developments will require a joint industry planning 
approach to receive FPC approval. It is hoped that 
cooperation of producers, pipeline companies, and 
the FPC will lead to expediting the planning and 
processing of joint-use proposals; contribute to the 
more orderly development of offshore areas; en- 
courage exploration efforts; and provide econo- 
mies of scale of benefit to both the industry and 
its customers. 

IV. Ocean Mining 
A. Present Status 

No hard mineral mining of practical significance 
is being conducted on the U.S. continental shelves 
except sulfur, sand, gravel, and oyster shells. There 
is no mineral mining in the deep ocean. Discussion 
of offshore mining, therefore, becomes largely a 
discussion of its potential, of ways to assure that 
the potential will be realized as soon as economics 
and technology allow, and of its importance to the 
Nation. Successful ocean mining is being under- 
taken in other parts of the world where favorable 
business climates in combination with adequate 
geological deposits make such ventures economi- 
cally attractive. Most such operations are in 
comparatively shallow water. 

A thorough discussion of marine mineral re- 
sources is found in the report of the Marine Re- 
sources Panel. That report notes that with some 
exceptions (gold, silver, and uranium) the supply of 
land-based hard minerals appears sufficient to 
meet projected demands to the year 2000. 

This finding, however, must be qualified. The 
process of projecting demand for minerals and of 
estimating reserves is extremely complex and 
subject to many interpretations. Such a finding 
does not reflect the cost of alternative resources 
and is based only on known uses and metallurgical 
processes. The effect of new uses and the substitu- 
tion of new materials is difficult to predict and can 
cause considerable error in forecasting mineral 
demands. World-wide population growth and 
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accelerating industrialization, however, point to an priate regulations presently holering industrial 
ever increasing demand. Indeed, total demand for participation, 
metals between 1965 and the year 2000 is 

expected to exceed the total of all metals con- B. Investment and Sales 

sumed prior to 1965, 16 and for some specific Nq authoritative overall statistics on ocean 
metals the increase will be manyfold. A simi ar rnining are available but the order of magnitude of 
estimate applies to many non-metallic minerals. existi operations can be sensed from the follow- 

Predicting sources of supply is perhaps even j stimates: 
more difficult than predicting demand, due to Excluding sand, gravel, and oyster shell dredg- 
many geological and economic unknowns. This ing> the wor ld-wide investment in ocean mining is 

problem is magnified in the case of ocean mineral ab( ^ ut $ 60 million, mostly in operations in south- 

resources because so little is known about the Asja ^ off England and South West Africa, 

geology and the technology of recovery an proc- annual rate of investment is estimated in the 

essing that valid comparisons with present produc- Qf $1Q miUion and is risi ng. 

tion from land sources are almost impossible. About $200 million of minerals was taken 

Both accelerating demand and depletion of wor , d wide from the ocean floor in 1967, 17 
known miner 1 resources indicate that it the excluding coa i and hon presently mined from 
Nation is to enjoy a rising standard of lving, onshore ope nings and chemicals extracted from 

particularly in the light of an ever increasing sea water .Common sand and gravel accounted for 

population, great attention must be paid to tuture more fhan half the total; sands bearing tin, iron, 

supplies; and all indications are that over the and other heavy minera l s about 20 per cent; shells 

long-term the ocean will become an important 15 per cent; sul f ur 8 per cent; and diamonds 5 per 

source of supply. cent \y or ld-wide production of ocean minerals is 

With the possible exception of certain strategic wing rapidly 

minerals, the ocean resomoes will be recovered by ^ j east a handful of U.S. companies now are 
private industry only when economically attrac- inyolyed tQ sorne extent ^ f ore ign offshore mining 
tive. For such minerals as sulfur, this point already operations. Dozens more have collectively invested 
has been reached. For others, timing is uncertain. seyeral do n ars in studies and exploration, 

It is not necessary to develop most hard mineral indicating the deg ree of interest and the potential 
ocean resources immediately; thus no crash pro- ^ id f rcm today’s relatively modest 

gram is required. It is imperative, however, that 
the Nation begin now an orderly program to gain a 

better understanding of resources available and of ^ j ndustry Structure 
basic ocean technology required to exploit them. 

Even with such basic knowledge, the time required Offshore mining in the United States is pursued 
on land to advance from early exploration to in s h a llow water by relatively small companies 
actual production is often 10 years or more, and dredging sand, gravel, and oyster shells in response 
due to the environment it probably will be even to un jq Ue local supplv and demand situations, 
greater for most ocean minerals. Sulfur, on the other hand, mined through a drill 

Because of growing demand for minerals, the hole, is related to petroleum in its exploration and 
inadequate knowledge of the oceans as a source, recovery techniques and in its economic and legal 
and the lead time required to gain an adequate problems. 

understanding, the panel concludes that the Fed- Many diverse companies are showing interest in 
er a l and State governments should take appropri- future operations due to the variety of potentially 
ate action now to stimulate ocean mining activity, profitable situations. Some companies are oriented 
This should include reconnaissance surveys and 

removal of some of the uncertainties and inappro- 17 charlcs M. Romanowitz, Michael J. Cruicksliank, a.id 




Milton P. Overall, “Offshore Mining Present and Future, 
presented at National Security Industrial Ass^iation- 
Ocean Science Technology Advisory Committee (OS1 AC) 
Ocean Resource.’ Subcommittee meeting, San I rancisco 
area, April 26, 1967. 



solely to entrepreneurial opportunities in ocean 
mining, but many are corporations well established 
in land mining or petroleum. Offshore exploration 
and drilling companies, aerospace firms, and ship- 
building companies are among others involved. It 
is not yet clear what kinds of corporations will 
constitute the offshore mining industry of tomor- 
row, but the industry need not be restricted to the 
traditional mining companies. 

Nearshore operations, such as placer mining for 
gold, could be undertaken by small companies. 
Deep-sea mining, however, probably will be con- 
ducted by large corporations or consortia because 
of high capital requirements. It has been esti- 
mated, for instance, that recovery of manganese 
nodules on a scale large enough to be economically 
feasible will require a capital investment of about 
S100 million. The traditional mining industry has 
one of the highest capital asset-to-employee ratios 
of any industry, 

D. Problems and Recommendations 

Industry has stated, in effect, that it is willing 
to take the substantial risks required by ocean 
mining ont^ it Government will provide well 
defined and reasonable laws relative to property 
rights, crew regulations, import duties, and taxes. 
In addition, Government-sponsored services, espe- 
cially surveys, and equitable treatment in many 
potential multiple use conflicts will be required if 
uds new industrial potential is to be realized in the 
near future. 

1 . Leasing Procedures 

In accordance with the Outer Continental Shelf 
Lands Act of 1953, the Department of Interior is 
responsible for the management of the mineral 
resources on Continental Shelf lands within Fed- 
eral jurisdiction. Rights to utilize these petroleum 
and hard mineral resources are awarded through a 
competitive bidding and leasing procedure defined 
by the Act. Many State laws for assigning the 
resources of submerged lands follow tne principles 
incorporated in the Act. 

This rystem has worked well for oil, gas, and 
sulfur because of the great demand for utilization 
rights and the bidding system allocates public 
resources justly under such circumstances. The 
present bidding system, however, is inappropriate 



for allocation of mining rights at the current 
development stage for two reasons: so little is 
known about hard mineral resources or the tech- 
nology for exploration and exploitation that in- 
formed bidding is effectively precluded before a 
great deal of exploration; second, exploration is 
inhibited by the financial risk that is greatly 
increased when a chance exists that exploitation 
rights may not be granted to the explorer. Until 
there is sufficient knowledge of the ocean’s min- 
eral resources, the panel recommends adoption of 
a method of property allocation that encourages 
the maximum private investment in exploration; 
namely, a method that awards exploitation rights 
to the prospector who makes a discovery. 

One reason that hard minerals from the ocean 
are not more actively sought is that little is now 
known about them. This points up two major 
differences between petroleum and bard minerals— 
exploration techniques and costs. Initial explora- 
tion for oil is based on the extrapolation of known 
geological information and relatively inexpensive 
geophysical surveys. In contrast, the complexity 
and cost of exploration for hard minerals to 
establish confidence in an exploitable discovery 
are many times greater. 1 8 Therefore, by the time 
the prospector has gained sufficient knowledge to 
arouse his desire for more detailed exploration 
(hopefully leading to exploitation), he has made a 
considerable investment. He will be reluctant to 
make this investment if, in spite of his initiative, 
exclusive rights may be awarded to another party. 

The panel feels that the highest priority should 
be given to encouraging hard mineral exploration 
through private initiative and that every considera- 
tion should be given to a system that will 
encourage this exploration by reducing investment 
risks. The prospector who has made a large 
investment leading to an exploitable discovery 
should be guaranteed the right to exploit it. 

Whatever method is finally adopted for assign- 
ing hard mineral rights on the outer continental 
shelf, the following should be considered: 

—The method should provide an atmosphere that 
will attract many searchers. Competition is desira- 
ble from the standpoints of stimulating explora- 

18 A complete discussion of Che differences in methods 
and cost for petroleum and hard mineral exploration is 
found in the Reports of the Marine Resources Panel and 
the Marine Engineering and Technology Panel. 
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tion and maintaining our traditional :onomic 
principles. 

-The method should rely on the stimulus of 
private initiative. However, in rare cases it r ly be 
in the National interest for the Governm at to 
sponsor exploration. Since there would be no 
private investment in such exploration, leasing 
procedures similar to those in the OCS Lands Act 
appear appropriate. 

—A degree of flexibility in management must be 
allowed, because so little is known about the 
pattern of future developments and because the 
potential resources are so different in character. 
This will enable policies to be adjusted for 
different minerals or for special situations; how- 
ever, the policies must be clear and certain. 

-The high risk inherent in hard mineral explora- 
tion should be mitigated by assuring that pros- 
pectors may exploit their discoveries, 

—The method should provide a reasonable eco- 
nomic return to the public for the use of public 
lands and data, but its primary objective should 
not be to maximize income from rents, royalties, 
or bonuses, but rather to maximize ocean mining 
activity. A greater ultimate return to the Nation 
will result from the development of a healthy 
industry contributing to employment, tax rev- 
enues, foreign exchange, and the Gross National 
Product. 

—The method should recognize that the Bureau of 
Land Management, the lessor of U.S. outer Conti- 
nental Shelf lands, faces competition with other 
nations offering development rights to their off- 
shore lands on terms attractive to U.S. capital. 

Recommendation : 

When deemed necessary to stimulate exploration, 
the Department of the Interior should be permit- 
ted to award rights to hard minerals on the outer 
Continental Shelf without requiring competitive 
bidding. 

The panel recommends that any U.S. citizen or 
company should be free to conduct preliminary 
exploration on the continental shelves for minerals 
on a non-exclusive basis. A requirement to give the 
Department of the Interior notification of intent. 



however, will allow this freedom while still permit- 
1 ng Interior to carry out its responsibilities as 
manager of the resources. A system that inhibits 
early reconnaissance exploration should be 
avoided. 

If the prospector’s interest is kindled by his 
preliminary exploration or by other means, he 
should be able to obtain exclusive rights for 
further exploration convertible to exploitation 
rights. A concession system similar to those 
successfully practiced in Several foreign countries 
a PP ears 1° be a suitable method for awarding such 
rights while protecting the public interest. Such a 
concession system should: 

-Assign exclusive exploration rights for hard 
minerals that could be converted to exploitation 
rights at the prospector’s option. Normally conces- 
sions are awarded to the first qualified applicant. 

—Clearly define the terms of exploration and 
exploitation before exploration begins. 

-Discourage speculative holding of offshore lands 
through various nbinations of such require- 
ments as: an initial fee; minimum investment in 
exploration or development within specified 
periods of time; rental payn .its increasing at 
periodic intervals during the exploration phase; 
a: d stipulation that a given acreage be returned 
periodically until exploitation commences. 

—Provide for rental or royalty payments during 
the exploitation phase. 

-Provide for return of any portion of the conces- 
sion acreage at the option of the concession 
holder. 

The preceding discussion has centered around 
the Federal lands on the outer continental shelves. 
The State methods for assigning property rights to 
submerged lands are of equal and perhaps greater 
importance, since early mining activity probably 
will take place predominantly in the shallow 
waters close to shore. 

Some coastal States now have a reasonable 
system for assigning exploration and exploitation 
rights. Most States, however, have no laws at all or 
have inappropriate laws drafted for other pur- 
poses. It is recommended that the States adopt 
methods to assign offshore solid mineral rights 
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that will encourage industrial exploration. It is 
further recommended that such a system be 
similar to the type of concession system described 
above. Uniformity in State laws is not considered a 
necessity at this time, but efforts to work toward 
uniformity are higlily desirable. When changes in 
the Federal system are adopted, they could serve 
readily as a model law for the coastal States. 

The panel does not believe that the lack of 
international agreement as to sovereign rights over 
deep sea mineral resources is a major factor 
preventing mining operations at this time. How- 
ever, a clearer definition of the limits of National 
jurisdiction and an international agreement for the 
deep ocean will be needed as conflicts arise. 
Accordingly, the panel concurs with the Inter- 
national Panel in its recommendation that the 
United States take the initiative in proposing a 
new international legal-political framework for 
exploring and exploiting the mineral resources 
underlying the high seas. 

Only with strong U.S. participation can the best 
interests of domestic industry and the world 
community be served. Due to the length of time 
normally needed to establish such a complex and 
important framework, the panel recommends that 
the United States take this initiative immediately. 
Until such a framework is established, the U.S. 
Government should encourage and protect private 
investment in the deep ocean. 

2. Surveys 

Geological knowledge of the U.S. continental 
shelves is insufficient to provide a basis for wise 
management of the mineral resources and is 
insufficient to assist industry in selecting target 
areas for detailed exploration. 

Obtaining an adequate understanding of the 
geologic structure and composition of the conti- 
nental margins is a vast job. Companies expect to 
spend large sums of money conducting surveys to 
delineate deposits, but first need some indication 
where to concentrate their efforts. Broad, recon- 
naissance scale surveys are too expensive for 
individual companies, considering the vast area to 
be covered and the low probability of discovering 
economically exploitable minerals. Yet these sur- 
veys are a critical first step in determining the 
basic character of the shelf and in pointing the 



way for eventual utilization of the offshore min- 
eral resources. 

Earlier in the report a survey program was 
recommended to provide new bathymetric, geo- 
physical, and geological information on the Conti- 
nental Shelf, slope, and rise. Completion of this 
task was suggested in 15 to 20 years, but because 
certain areas are of more immediate interest, it is 
recommended that priorities be carefully selected 
to reflect user needs and that the survey of these 
more important areas be completed much sooner. 
Except in special cases, the surveys should remain 
reconnaissance in scope, and the actual delineation 
of commercial deposits should be left to private 
industry. A significant portion of the survey work 
should be contracted to qualified organizations in 
the private sector in order to build a National 
capability and speed up data acquisition. 

3. Other Recommendations 

Before a thriving offshore mining industry can 
exist, an enormous capital investment will have to 
be made. The resulting risk levels are within 
boundaries acceptable to industry, but the pace of 
investment will be slow in the early stages. There 
are several ways the Government can assist indus- 
try in facing the initial risks: 

—Nominal rentals and low or non-existent royalty 
payments have been mentioned as ways to encour- 
age ocean mining. In addition, there are precedents 
in foreign countries for encouraging mining 
through special tax incentives. The panel has not 
made a recommendation for a specific type of tax 
incentive, but urges consideration of one or more 
of the following: 

(a) A tax moratorium for a specified number of 
years. 

(b) Extremely rapid depreciation for ocean min- 
ing equipment, which can be justified on the 
basis of rapid technological advances and on 
swift deterioration from the harsh environ- 
ment, 

(c) Longer periods, perhaps 10 years, to carry net 
operating losses forward for tax purposes. 

(d) Implementation of a special tax differential as 
presently applied to some high-risk mining 
operations in South America. 
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(e) Extension of the investment credit against 

income tax. 

Such incentives would encourage industry to 
undertake initial, high risk ventures and also 
make enterprise on U.S. continental shelves 
more competitive with that of foreign countries 
providing such incentives. Special tax compensa- 
tions should be discontinued gradually as the 
offshore mining industry becomes self-sustaining. 

-Minerals mined by U.S. companies in inter- 
national waters should not be subject to import 
duties and restrictions. To consider such minerals 
to he of foreign origin would impose an undue 
burden on the infant industry. 

—The existence of multiple use conflicts poses a 
possible barrier to ocean mining. Because no 
strong industry represents offshore mining activi- 
ties, established interests probably will voice 
strong objections to such ventures. Problems will 
arise not only from existing regulatory policies, 
but from traditional users of the ocean for 
navigation, fishing, and recreation, from conserva- 
tion groups, and from owners of pipelines and 
communication cables. 

Encouragement from Federal, State, and local 
governments will be needed in a variety ot such 
multiple use conflicts. For example, water quality 
standards now being set by States rarely consider 
the possibility of offshore mining operations. A 
time may arisf in the future when pollution 
regulations inadvertently prevent a company from 
carrying out a profitable offshore mining venture 
simply because mining was not considered when 
the law was formed. 

—The Coast Guard should review its requirements 
for operation of special vessels at sea. Indications 
are that the present regulations, particularly with 
regard to minimum crew size, are unrealistic where 
applied to offshore mining operations. The regula- 
tions may burden the operator with an additional 
and perhaps unnecessary cost. 

—Navigation systems sponsored by the Federal 
Government, although extremely useful to off- 
shore mining companies, do not provide sufficient 
accuracy for some types of exploratory surveys. In 
many types of delineation or recovery, extreme 



precision is required. Perhaps this degree of preci- 
sion is more properly obtained by installation of 
private systems; however, there is more general 
need for a National system that will allow survey 
data to be obtained with much more accuracy and 
that will be economic for many ul rs. 

Three other topics important to offshore min- 
ing have been discussed at length in different 
places: the industry’s technological needs are 

found in the report of the Panel on Marine 
Engineering and Technology; the importance of 
environmental data and prediction services is 
discussed in the petroleum section of tills chapter; 
and the need for clarification of jurisdiction in 
offshore areas is emphasized in Chapter 3 of this 
report, in the Panel Report on Management and 
Development of the Coastal Zone, and in the 
International Panel Report. 

V. FISHING 
A. Fundamental Position 

Fishing as an occupation is as old as mankind. 
In this country it has evolved through the years 
with the Nation’s economy and politics. Two 
important U.S. fisheries, tuna and shrimp, are 
economically strong and healthy; several other 
segments of the industry are almost as vigorous; 
and still others are marginal. The industry often 
has been called sick, but tills description is 
misleading. It is not a single industry, but a group 
of diverse industries, each with its own peculiar 
problems and economic situation. 

n? hese industries have some serious common 
problems which probably will lead to progressive 
deterioration if not checked. Some are world 
problems, common to all sea-fishing nations. 
Others are strictly domestic problems which place 
the U.S- fishing industry in a weak international 
competitive position. In some areas the industry is 
subject to international treaties as well as a maze 
of U.S., State, and local regulations. 

Fish are a freely available, renewable resource. 
Although found at all depths and throughout the 
world’s oceans, most desirable species are concen- 
trated near coasts. 19 Even the coastal fisheries, 

1 9 The ratio of U.S. catch beyond coastal fisheries to 
total catch is about 10 per cent in tonnage with about 15 
per cent in value. If statistics on U.S. flag tuna landed in 
Puerto Rico were included, the percentage would be 
somewhat higher. 
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however, may be impaired by operation of foreign 
vessels in adjacent waters because fish migrate 
between zones. The definition and protection of 
U.S. rights within various fisheries constitute a 
major responsibility of Government. 

A second major Government obligation is to 
establish measures to develop and conserve fish- 
eries resources. Often this requires difficult choices 
between the rights of groups of commercial and 
sport fishermen and between fishing and other uses 
of the marine environment. Within coastal waters, 
abatement of pollution and preservation of natural 
habitats are matters of major concern. 

To further orderly fisheries development, U.S. 
and State governments for many years have 
conducted programs to locate and define fisheries 
resources, improve basic understanding of marine 
life, and improve catching, processing, and market- 
ing technology- The budget of the U.S. Bureau of 
Commercial Fisheries for these activities totaled 
$50.5 million in fiscal year 1969. In addition. 
State and local governments spend sizable amounts 
on fisheries development. 

In some fisheries, conservation legislation has 
been used to curtail competition and stifle innova- 
tion such that an excessive effort is required to 
take the available catch. The efficiency of some 
fisheries subject to potential depletion could be 
improved by establishing in advance the rights of 
participants to shares of a given fishery, enabling 
each to take his share in the most efficient 
manner. 

Fishing is an international business. Many U.S. 
processors depend heavily on foreign sources of 
fish, permitting economies which would be un- 
available if the industry were forced to operate 
within the strictures of a high tariff or nontrans- 
ferrable national quota system. However, foreign 
competition in domestic markets has contributed 
to the diminishing proportion of the total world 
catch taken by U.S. vessels. 

Ten years ago the U.S. ranked second in the 
world in tonnage of fish landings. Currently it 
ranks sixth behind Peru, Japan, Red China, the 
Soviet Union, and Norway. Even though U.S. 
fishermen concentrate on high value species, the 
United States still ranks only third or fourth in 
value of fish landed. 

The United States has the world’s second 
largest fishing fleet, consisting of 76,000 powered 



craft of which 12,000 are over 5 tons. Unfortu- 
nately, about 60 per cent of the vessels were built 
over 16 years ago. There arc about 12F ^00 
fishenn . m the United States. 

The law requires fishermen to use U.S. -built 
vessels to make domestic landings. Capital invest- 
ment in the industry has been low in spite of a 
vessel subsidy program, a Fisheries Loan Fund, 
and a Mortgage Insurance Program (under which 
the Government guarantees repayment of fishing 
vessel mortgages). 

Widely disparate trends exist within this diverse 
industry. America’s large integrated food compa- 
nies are able, within the present legal/regulatory 
environment, to manage highly efficient opera- 
tions for processing and distributing fish for 
domestic needs. On the other hand, many U.S. 
fishermen, small independent companies, and 
small cooperatives operating U.S. -flag vessels off 
this Nation’s coasts have not participated success- 
fully in the growing u.S. demand for fish pro- 
ducts. This has diminished employment opportu- 
nities and placed a drain on foreign exchange. The 
panel urges that the domestic industry be assisted 
in achieving a higher k »• efficiency to enable it 
to compete more effectively and serve a larger 
share of the U.S. market. 

B. Investment, Sales, and Production 
1 . Investment and Sales 

The total domestic investment in fishing vessels 
and processing plants is estimated at $1.5 
billion. 20 In addition, U.S. corporations have 
substantial investments in fishing vessels and plants 
in foreign countries. 

The U.S. commercial catch at dockside was 
valued at approximately $438 million in 1967 
with shellfish (primarily shrimp), tuna, and salmon 
comprising about 70 per cent. This compares to 
1966’s $472 million and 69 per cent. The 1967 
retail value in the United States of all fishery 
products (both domestic and imported) was al- 
most $2.6 billion. 21 



20 Bureau of Commercial Fisheries. 

21 Office of Program Planning, Bureau of Commercial 
Fisheries. 
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\ i!i : 3 ducMOii /ersus U.S. Consumption 

Profound changes have occurred since World 
War II in the utilization of the world’s fishery - 
resources. World catch has tripled from 43 billion 
pound to 125 billion pounds, 22 yet catch by the 
U.S. industry has remained relatively stable, be- 
tween 4 and 6 billion pounds (round weight) 
despite U.S. consumption nearly tripling in the 
same period. Fishing activities by many nations, 
especially Japan and Russia, have been extended 
to U.S. coasts. Total foreign catch in waters Fished 
by U.S fishermen now far exceeds the U.S. catch 
from these waters and is expected to increase 
considerably. 

Imports to meet the rising U.S. demand have 
increased dramatically from 26 per cent of total 
supply in 1960 to 71 per cent in 1967. Yet, the 
U.S. coasts are adjacent to some of the most 
productive and abundant fishery resources in the 
world and the U.S. market is the largest and most 
lucrative in the world. Expectations are that U.S. 
consumption will grow steadily, reaching 21 bil- 
lion pounds by 1985 and 31 billion pounds by the 
year 2000. 23 

Statistics on Fisheries supply available to domes- 
tic fishermen are not generally well known because 
the research required for reasonable stock assess- 
ment has been done on only a few species. 
Conservative estimates indicate that fishery re- 
sources off the U.S. coast are adequate to support 
a total annual sustainable yield (available to all 
Fishermen) of about 30 billion pounds, including 
marketable species not being fished now. Depend- 
ing on the definition of marketable species, some 
estimate this total to be as high as 45 billion 
pounds. 

The production and consumption statistics for 
the domestic fish industry are compiled in 
Table 3, covering the period back to 1945* 
Summarizing, the picture is as follows: annual 
production of four to six billion pounds, static for 
nearly 30 years; market for about 14 billion 
pounds, growing at a much more rapid rate than 
population; and resources available for a total 
catch of at least 30 billion pounds per year. The 
question then arises as to how the domestic fishery 



22 1 bid. 

2 3 Department of the Interior, “Commercial Fisheries 
Federal Aid to States,” Circular No- 286, Washington, 
D.C., February 1968, p. 8. 



can begin to take advantage of the g-owmg 
demand by fully utilizing the w? ol • ila 
resources. 

3. Foreign Trade 

In 1967 the United States imported $708 
million of fish and exported $84 million, for a net 
dollar outflow of $626 million. 24 Seventy-six per 
cent by value of the fish produ. imported are 
food fish, most of which comes from Canada, 
Japan, Mexico, and South America. 

Many U.S. processors depend heavily on foreign 
sources of Fish. In fact, Fish processing in the 
United States increased the import product value 
by $430 million last year. Thus any analysis of the 
foreign trade problem should consider the value 
added to the food product within the United 
States as well as the price paid to foreign fisher- 
men. 

The U.S. fishing industry is expanding foreign- 
based operations. Some reasons for this include 
diversification, better profits than at home in 
many cases, and encouragement by foreign govern- 
ments. 

C. Mature of the Industry 
1. Components of the Industry 

The industry consists of several segments, in- 
cluding fishermen, vessel owners, wholesale dealers 
and brokers, and processors. The fishermen crew 
the vessel. Particularly when small vessels are 
involved, the captain may also be the boat owner. 
With larger and more expensive vessels the owners 
usually will not be the fishermen. The processors 
usually do not own their own fleet and are not 
tending to become boat owners. The wholesalers 
and brokers handle a great deal of imported fish 
and often add some processing, functioning as 
distributors and merchandisers. In general, the 
Fishing industry is substantially fragmented into 
many fishing, processing, and distributing firms in 
port cities with a number of merchandising firms 
in the interior as well. Processing companies often 
extend credit to selected Fishermen to purchase 
gear, construct new vessels, or renovate old ones. 



2 4 Office of Program Planning, Bureau of Commercial 
Fisheries. 



Table 3 

UTILIZATION OF FISHERY PRODUCTS IN THE UNITED STATES, 
SELECTED YEARS, 1945-67 
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Ju)y 1 population eating from civilian supplies, excluding armed forces overseas: oeginning (you— ou states. 

Computed per capita consumption on edible or meat weight basis with allowances for exports and changes in beginning and end-of-year stocks. 
Estimate based on 1946 relationship of round to imported product weight. 

^Estimate based on 1946 ratio of round weight to industrial product weight. 



There is no National organization representing 
all the interests of the processing, distributing, and 
marketing sections of the industry, although most 
firms are members of either the National Fisheries 
Institute or the National Cannes Association, or 
occasionally both. A number of local trade organi- 
zations are in the larger fisheries, such as salmon, 
tuna, shrimp, menhaden and lobster. 

Vessel owners group together in local associa- 
tions, mostly on a port or regional level, organized 
under the Fishermen’s Cooperative Act of 1934. 
Functions of such associations vary greatly from 
marketing to the provision of such benefits as 
discounts through group purchasing. Several at- 
tempts have been made to create a National vessel 
owners association, but without success. 

2. Recent Trends 

As recently as 1960 only one U.S. firm engaged 
in the fish trade with as much as $100 million of 
business per year; a few had $50 million per year; 
the majority had $10 million or less per year. 
Around 1960 food firms began diversifying 
through purchase or amalgamation with fish firms. 
Today principal firms in the fish trade have sales 
between $0.5 and $1.5 billion a year. 25 These 
developments are giving the U.S. fishing industry a 
new character— more adequate access to capital; 
National and international scale thinking; mer- 
chandising rather than production orientation; and 
better management. 

Large U.S. fish firms customarily have avoided 
ownership of fishing vessels, although the practice 
has differed in various sections of the industry. All 
segments, however, extend credit to fishermen for 
seasonal operations, vessel acquisition, new vessel 
construction, and other purposes. The changing 
character of the industry is diminishing this 
practice. 

Many large firms now beginning to predominate 
in the fish trade have extensive holdings in foreign 
operations. They buy raw material to their quality 
standards from that source having the optimum 
combination of cost and reliability. However, 
recent history does not indicate a strong trend to 



2 5 Examples: Castle and Cooke acquired Bumble Bee, 
Inc; H. J. Heinz bought StarKist Foods, Inc.; Consoli- 
dated Foods bought Booth Fisheries; Ralston Purina 
bought Van Camp Sea Food Company. 



total integration of the fishing industry from the 
ocean to the supermarket. 

The trend to emphasize products having Na- 
tional distribution is increasing. The fish products 
involved must be obtainable in large volume from 
a sound resource base and also must have broad 
customer acceptance. 

D. Problems and Recommendations 

The Marine Resources Act sets among its 
objectives the “rehabilitation of our commercial 
fisheries.” The panel believes that in attempting to 
achieve this objective the Nation should build on 
strength. However, the panel also believes that 
steps taken to solve critical problems can yield 
substantial gains for weaker segments of the 
industry, enabling them to take a larger portion of 
the available catch off U.S. shores. 

1. Access to Fisheries Resources 

Fish are treated in both National and inter- 
national law as a common property resource. The 
law of the industry has been: “First come, first 
served.” Action taken to moderate the ill effects 
of this situation has often been aimed toward 
maintaining the position of large numbers of 
individual fishermen by restricting fishing tech- 
niques. Consequently, excessive, uneconomical 
harvesting effort now is applied to many species. 

A more rational approach to achieving reason- 
able competition in taking common-property re- 
sources is recommended in the Resources Panel 
report. In that report an effort to apply the 
limited entry principle to those U.S. fisheries 
subject to potential depletion is recommended. 
Policies should be adopted to restrict fishing units 
to a certain number, each of maximum efficiency. 
Controlling entry of fishing vessels should permit 
more effective management of the resource. Over 
the long term, production costs should be reduced 
and earning power improved. This panel concurs in 
such recommendations. Mechanisms through, # 
which shares of the resource could be assigned 
include license fees and bidding for rights. 

Recommendation: 

A quota or limited entry principle should be pilot 
tested in selected fisheries. The U.S. Government 
should provide both opportunities and incentives 
for States and regions to carry out these tests. 
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2. Fleet Renovation 

Inefficiency of the present fleet is a serious 
industry problem. Although the U.S. fishing fleet 
is the world’s second largest, about 60 per cent of 
the vessels are over 16 years old and 27 per cent 
have been in service over 26 years. 26 Advances in 
fishing technology during the past few years have 
made most of the U.S. fleet economically, if not 
physically, obsolete. 

In the heterogeneous U.S. fishing industry, 
some fisheries, such as tuna and shrimp, have fairly 
modern fleets. Some fleets are antiquated and 
rapidly declining for several reasons. 

The reduction of profits due to reasons of 
foreign competition and/or a declining resouice 
stands out among the various reasons for the 
decline of some segments of the fleet. The prices 
U.S. fishermen must charge to make a profit can 
be undercut by foreign fishermen for one or more 
of the following reasons: lower labor costs, more 
advanced technology, and subsidies from their 
governments. In the case of a decreasing resource, 
overfishing and reduced yields soon result from 
the inability of vessels and fishermen to adapt to 
other, underutilized species. This reduction of 
profits tends to diminish the ability of those in the 
fishery to afford technological improvements or 
new vessels of greater utility. 

Where U.S. fisheries are overfished, considera- 
tion should be given to retirement of old vessels as 
new ships are introduced, lire new ships, in turn, 
should be designed for ready conversion to other 
fisheries whose stocks are not being depleted. 
Obstacles to this goal are State laws limiting the 
length of vessels for a particular fishery, possibly 
reducing the vessel’s adaptability to other fisheries. 
S' ch laws should be reconsidered. 

Application of better vessel and gear technol- 
ogy to overfished stocks will result in a greater rate 
of depletion. Fishermen taking such stocks can be 
helped far more through biological research. Such 
research can help ensure that conservation laws 
and treaties are based on scientific findings and 
can assist in determining more abundant stocks. 

Where fisheries are not in danger of depletion 
more modern gear, vessels, and vessel accessories 
such as detection and navigation equipment, new 
propulsion systems, and processing and storage 



facilities should be introduced. This modernization 
may particularly aid in developing the much 
underutilized species as Alaska shrimp, tanner 
crab, and Pacific hake. 

Recommendation: 

U.S. and State Government policies should be 
aimed at upgrading the U.S. fishing fleet through 
introduction of vessels with modem equipment. 

3. High Cost of Vessels and Gear 

An important legal barrier in several fisheries is 
Federal legislation requiring U.S. fishermen to 
use U.S. -built vessels to land fu . at a U.S. port. 
Until 1948 the law was not of major consequence 
because the U.S. fisherman often had tariff protec- 
tion and rarely competed in the domestic market 
with foreign fishermen. 

By 1948 domestic inflation contributed to the 
drastic change in the competitive situation. Tariff 
protection became inconsequential in many fish- 
eries and foreign policy prohibited increased pro- 
tection. Imports of fish from allies were encour- 
aged to bolster their dollar earning capacity. 
Lower shipyard costs abroad accentuated the 
vessel cost difference. Rapid rebuilding of war- 
destroyed fleets, often financed through U.S. aid 
programs, resulted in new, more efficient vessels in 
principal competing countries. Improved freezer 
facilities made long distance shipment practical. 

Because of the domestic vessel construction 
law, most U.S. fishermen could not buy an 
efficient new vessel at prices paid by foreigi 
competitors. The tuna and shrimp industries, an 
exception, have introduced new technology and 
purchased new vessels in sufficient quantity to 
enable domestic shipyards to become competitive 
with those of foreign countries. 

Congress has grappled with the problem of 
foreign hull restrictions for many years, but varied 
interests have vigorously opposed repeal of the old 
law. A vessel subsidy bill was passed to attempt to 
alleviate the problem but proved ineffective; hence 
the 88th Congress passed a more practical bill that 
remains in effect until June 1969. 

The present vessel subsidy act still has short- 
comings. Statutory limitations on annual expendi- 
tures. prevent subsidy payments to all qualified 
applicants. Although the law requires that a 
vessel’s operation will not cause economic hard- 
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ship to efficient operators already engaged in the 
fishery, no provision exists to retire an older vessel 
replaced by the subsidized vessel. Thus, the law 
generates inequities as it corrects others. 

The law has worked to the disadvantage of 
some aspects of the work of the Bureau of 
Commercial Fisheries. In addition, the Bureau has 
not had much control over which fishery would 
receive subsidy funds. The long-range solution to 
the vessel cost problem probably will come from 
increased use of advanced technology and mass 
production techniques. 

Regarding the subsidy program, the Govern- 
ment should develop guidelines to establish priori- 
ties in handling subsidy applications. For example, 
a major portion of the program should be directed 
to those fisheries not in danger of depletion. It 
also should help those in overfished fisheries move 
into underutilized fisheries. When appropriate, the 
subsidy should be applied to distant-water fish- 
eries. In all cases modern technological develop- 
ments should be incorporated into the subsidized 
vessels and gear. 

U.S. fishermen should be permitted to buy 
equipment anywhere in the world where they can 
find the best combination of price and perform- 
ance. At present, import duties often prevent 
acquiring such equipment. 

Recommendation: 

Restrictions on the purchase of fishing equipment 
abroad should be removed. Legislation should be 
enacted to permit U.S. fishermen to purchase 
vessels in foreign shipyards; if it is decided not to 
repeal the restrictive laws, the vessel construction 
subsidy program should be expanded and modified 
to provide for retirement of older vessels. 

4. Availability of Capital and Credit 

The credit problems of fish processing, distrib- 
uting, and marketing are no different than those of 
any other industry and the normal financial 
institutions have served these segments well. How- 
ever, the fishing segment of the industry has not 
been so fortunate, witnessing a relative scarcity of 
capital since World War II. Following the war, 
bankers everywhere became reluctant to finance 
fishing vessels. During the low-profit period from 
1948 through 1960, and still existing in several 
fisheries, fishing vessel Financing problems were 



among the worst handicaps to fisheries develop- 
ment. 

Congress recognized this and by 1956 began to 
ease the fishing industry’s credit problem through 
U.S. Government loan programs. The Fisheries 
Loan Fund Program has been a very effective 
incentive for U.S. flag fishing at a nominal cost to 
the Government. It also has removed the fishing 
vessel owner from dependence on his customers 
for capital. 

This program is supplemented by a Mortgage 
Insurance Program. Whereas the Fisheries Loan 
Fund enables a direct cash loan to the fisherman, 
under the Mortgage Insurance Program the Gov- 
ernment guarantees mortgages used to finance 
construction, reconstruction, and reconditioning 
of fishi g vessels. The program provides a vehicle 
through which the Government can extend assist- 
ance without making a direct capital outlay. 

The fisherman ordinarily will seek a loan from 
his customer or from a bank under the Mortgage 
Insurance Program. If reasonable financial assist- 
ance applied for commercially is not available, 
financial assistance may be provided under the 
Fisheries Loan Fund. The existence of the fund 
thus provides a fisherman with an alternate source 
of credit. 

The fund has been very helpful to hard-pressed 
Fishermen. Some in the industry contend that the 
fund is so popular it frequently “runs out of 
money.” Authorization for the fund is $20 mil- 
lion; however, $13 million was appropriated in 
1968. On various occasions lending has been 
restricted to an even lesser amount because of 
overall Government expenditure limitations. 

Both the Fisheries Loan Fund and the Mortgage 
Insurance Program should be retained. Favorable 
consideration should be given those fishermen who 
are or intend to become involved with underuti- 
lized species having commercial potential. 

5. Legal/Regulatory 

Among the most serious problems facing the 
U.S. fishing industry are the laws and regulations 
that prevent increases in efficiency. These restric- 
tions have resulted from a combination of at- 
tempts at conservation, competition among fisher- 
men for limited supplies of particular species, and 
competition between commercial and sport fisher- 
men for certain species. 
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Except for fisheries managed under interna- 
tional convention, U.S. fisheries are regulated by 
the States under a maze of regulations adopted 
over the years, many for reasons long-forgotten > 
Numerous State and local laws and regulations 
were designed to protect established small-boat 
fishermen by restricting the use of efficient de- 
vices. 

Such laws increase fish production costs in the 
United States. For example, laws and regulations 
forbid the use of traps to capture salmon; prohibit 
the taking of herring or anchovy for reduction 
purposes; limit the size and nature of nets; and 
forbid the use of sonar to detect fish schools. Such 
restrictions must be eliminated. The States’ in- 
terest in the problem is beginning to grow and 
must be encouraged. 

Several avenues are available to foster repeal of 
outmoded State laws and regulations. One is to 
develop improved knowledge and understanding of 
the ocean and its living resources to guide State 
legislators and administrators in improving conser- 
vation regulations. The Sea Grant Program should 
help augment the technical capabilities of State 
fishery officials, through support of fishery 
sciences and education in State universities, which, 
in turn, should provide better advice regarding 
fisheries regulations. 

Problems of conservation and preservation of 
natural habitats are not always local, but rather are 
often interstate in scope. As indicated in the 
Marine Resources Panel report, the tendency 
toward parochialism in the individual States has 
led to fragmented solutions to fishery problems. 
For example, the East Coast States are unable to 
agree on a management program in the menhaden 
fishery despite evidence of depletion. In such cases 
a comprehensive unified management plan is re- 
quired. 

Accordingly, this panel recommends that, a 
mechanism be established under which the U.S. 
Government can require the development by the 
States of coordinated management measures for 
interstate fisheries subject to potential depletion if 
and when the States fail to meet the responsibility 
themselves. Similar Federal-State mechanisms have 
been established in the past. 

6. Surveys 

U.S. coastal waters contain some c c the richest 
fish ins grounds in the world. Seven billion pounds 



are caught each year (U.S. and foreign) and the 
maximum sustainable yield is at least 30 billion 
pounds per year. Seine estimate the potential yield 
of underutilized resources as high as 45 billion 
pounds annually. G 1 * oper incentives, within 

three years the industry should be able to increase 
its present annual catch by 20 per cent and within 
10-20 years by several hundred per cent. Much of 
the increased yield would include species presently 
used and close elatives not yet utilized. Examples 
of underutilized species include Alaska shrimp, 
scallops and tanner crab; Pacific and Gulf 
, ichovy; Gulf and Atlantic thread herring; Pacific 
hake; and Tropical Atlantic and Pacific skipjack 
tuna. 

These fish could be exploited more econom- 
ically if comprehensive surveys were initiated and 
kept up to date to establish the parameters of the 
resource. Rapid action and strong financial sup- 
port are required. The last survey was authorized 
by Congress in 1944 and completed in 1945. 
Depending upon the fishery stock in question, the 
new surveys proposed may review existing knowl- 
edge and/or study the resource itself to acquire 
new knowledge. Sport fisheries also should be 
included because of the ecological interaction 
between all stocks in a given area. 
Recommendation: 

The Government should initiate and sponsor con- 
tinuing surveys of U.S. coastal and distant-water 
fishery resources, including sport fisheries. 

7. Pollution 

Pollution of the Great Lakes, estuaries, bays, 
and certain offshore areas has a serious and 
increasingly critical impact on domestic fisheries. 
The panel endorses the pollution abatement pro- 
posals made in the Panel Report on Management 
and Development of the Coastal Zone and in the 
Marine Engineering and Technology Panel Report 
and emphasizes that these actions can help to 
achieve the goal of rehabilitating commercial 
fisheries. 

8. Information Exchange 27 

Before scientific research and discoveries can 
become an operational part of an industry’s 
knowledge and capability, the industry must be 

2 7 The subject of fishing technology is discussed in 
further detail in the Report of the Panel on Marine 
Engineering and Technology. 



able to use the technology. This ability may be 
limited by such factors as lack of technical 
knowledge and capital, marginality of profits, lack 
of available peripheral equipment, environmental 
and institutional peculiarities, obsolete laws and 
regulations, and tradition. 

In the past 20 years, and increasingly so in the 
last few years, new materials and techniques have 
been incorporated in a few fishing vessels, includ- 
ing improved propulsion units, greater refrigera- 
tion capabilities, better location and catching gear, 
and better sea-keeping qualities. The summation of 
all these new discoveries could have had a revolu- 
tionary effect on the construction of fishing 
vessels and the reduction in the cost per ton of fish 
production had they entered the fishing industry 
more rapidly. 

The governments of such countries as Russia, 
Japan, and West Germany have programs to adapt 
new technology to fishing industry needs which 
have helped their industries thrive. Only minimal 
programs have been sponsored by the U.S. Govern- 
ment. However, the panel notes and commends 
the recent exchange agreement between the Navy 
and the Department of the Interior to study 
advanced acoustic technology in fish detection 
and adapation of fleet environmental prediction 
techniques to forecast fish location T he panel 
urges that similar steps be taken, within the 
constraints of security, to accelerate the adapta- 
tion of other pertinent military research to the 
domestic fishing industry. 

In addition, much information gathered by 
scientists in work in biological and conservation 
research has potential to reduce fishermen’s pro- 
duction costs substantially. There is, however, no 
satisfactory mechanism to readily translate the 
results of Government technology or scientific 
information to the fishermen. 

Recommendation : 

A field service mechanism should be established by 
the U.S. Government analogous to the cooperative 
State-Federal extension service administered by 
the Department of Agriculture in order to facili- 
tate transfer of technically useful information to 
fishermen at the local level. 

VI. AQUACULTURE 
A. Present Status 

Aquaculture in the United States today consists 
of a small, scattered but growing el fort to raise 



aquatic plants and animals in a controlled environ- 
ment or a modified ecological system. Modifica- 
tions to the natural ecology include those due to 
temperature, artificial feeding, use of barriers for 
containment or predator control, and selective 
breeding. Although the prevailing concept ot 
aquaculture is growing selected species of tish in 
fresh-water ponds, opeidticns exist in rivers, estu- 
aries, and marshlands, and there is definitely a 
potential for the open ocean. 

In the United States the present level of activity 
is low compared with that in Asia, especially China 
and Japan, but nevertheless a variety of plants and 
animals is being cultivated. Reliable and compre- 
hensive statistics on sales of aquacultural products 
in the United States are available only in a few 
selected instances. 

The panel estimates that the total U.S. whole- 
sale value was in excess of $50 million in 1967, . 
but this can vary widely with the definition of 
aquaculture. Sales of farmed trout and catfish in 
1967 each exceeded $7 million wholesale, bait 
minnows exceeded $8 million, and oysters from 
managed, private lands exceeded $13 million. 

In addition, a variety of operations involve 
salmon, black bass, pompano, mullet, clams, 
scallops, prawns, lobsters, shrimp, arid other 
animal species, as well as several kinds of seaweed. 

Statistics on capital investment in U.S. aquacul- 
ture projects are elusive due to the great variety of 
situations and the often proprietary nature of the 
information. Both expanding research efforts and 
reduction of labor costs in commercial operations 
will result in a sharp increase in the demand for 
capital. The companies involved are generally 
small, but the situation is changing rapidly as some 
of the largest companies in the United States now 
are beginning to explore aquaculture opportuni- 
ties This trend will bring some needed capital as 
opportunities for profit are discovered. One 
State recently estimated that several companies 
have considered investments in fixed facilities in 
excess of $100 million in different aquaculture 
projects; the commitment awaits favorable out- 
come of present research efforts and removal of 
some political, legal, and regulatory barriers. 29 
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2 9 Florida Development Commission, Tallahassee, I lor- 
ida, October 1968. 



The panel’s interest in the growth of aquacul- 
ture is from the standpoint of its potential for 
profitable industrial ventures. It has been stated 
frequently that aquaculture can help solve the 
world hunger and malnutrition problem; however, 
in the United States early emphasis will be on the 
most profitable species, clearly the high-valued 
flnfish and shellfish. 

There is a rapidly growing demand for seafood 
in general, but the greatest growth is for the high 
priced species. As the demand grows, some tradi- 
tional fisheries are declining, and many of the 
natural grounds for shellfish are being destroyed 
by such other uses as waste disposal, land-fill, and 
dredging. At the same time, research has shown 
many areas where vast improvements are possible 
in the technology of aquaculture. Examples in- 
clude genetic control to improve the quality, 
growth rate, and adaptability of various species to 
different environmental conditions, and the possi- 
bility of using presently wasted sources of nutri- 
ents and heat to effect economical control of local 
environments. 

Thus, with c growing demand for seafood, an 
uncertain nature* vuj.ply of rome species to meet 
this demand, an 0 potential for vast improvements 
in aquacultural technology, prospects for profit- 
able ventures are increasing. 

Aquaculture has many advantages for food 
production. A major impact of aquaculture lies in 
its extreme productivity per acre— a capability that 
can lead to considerably larger yields of high-grade 
animal protein than fertile dry land. 

The advantages of aquaculture for food produc- 
tion arise in part from readily available nutrients 
and water. A basic problem, however, is proper 
management of these resources. Research has 
shown that the combination of these ingredients 
can be very productive due especially to the fact 
that there is inherently a constant supply of water. 
If nutrients are in the water, marine organisms 
have a continuous opportunity to use them as 
contrasted to most lanC organisms that can absorb 
nutrients only when carried to them intermittently 
by water. In addition, most marine animals are 
poikilotherms (cold-bloods), and because less en- 
ergy is wasted in heat production, they are often 
more efficient in conversion of their food intake 
to edible weight. Finally, forms of aquaculture 
that use the water column obviously have added a 



third dimension that can improve productivity per 
unit of surface area. 

Aquaculture also has some advantages over 
conventional fishing that enable it to supplement 
the catch of fish and shellfish. Since most areas 
desired for aquacultural use axe within U.S. juris- 
diction, there is no foreign competition for the 
resource as in some fish stocks. Because a degree 
of exclusive rights can be assigned to the “aqua- 
farmer,” and thus he need not rely on a common 
property resource, the incentive is increased to 
improve profits through gaining proprietary 
knowledge leading to greater efficiency. In addi- 
tion, in aquaculture there is a potential to harvest 
more frequently, to harvest in seasons that do not 
compete with the marketing of natural stocks, and 
to control the environment, assuring greater relia- 
bility in the quantity and quality of the supply. 

B. Problems and Recommendations 

The growth of this industry is influenced by 
many factors, many of which center around a 
widely-scattered and insufficient knowledge of an 
extremely complex ecological system. 

Lack of thorough understanding of ecological 
systems is usually the first problem. Research in 
marine ecology is expensive, and its performance 
inquires trained personnel and considerable time. 
The task’s magnitude and the unknown probabil- 
ity of Finding commercial applications generally 
places this research beyond the limits of industry's 
risk tolerance. There are many exceptions to this, 
but developing sufficient ecological knowledge to 
stimulate commercial interest remains an appropri- 
ate area for Federal and State government support. 
An important parallel lies in the large amount of 
publicly supported agricultural research. Govern- 
ment funds for basic research, "hanneled mostly 
through the Bureau of Commercial Fisheries, are 
not adequate to truly stimulate this industry. The 
panel therefore recommer ds that the modest 
funds 30 presently available For aquaculture re- 
search be increa: d several fold within the next 
five years. 

Industry is much more willing to undertake 
applied research programs, and many are in prog- 
ress. Often they are furmed by a combination Oi 
industry, university. State, and U.S. Government 



30 Bureau of Commercial Fisheries budge, devoted to 
aquaculture was $2.7 million in FY 1968. 
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money. The National Science Foundation’s Sea 
Grant College Program, in fact, has reviewed many 
more applications for applied aquaculture research 
than it could fund. The panel recommends that 
the Sea Grant College Program be given greater 
funding to enable sponsorship of a larger percent- 
age of qualified applications. 

Work in estuarine or ocean areas encounters 
another serious obstacle— ownership or rights to 
exclusive use of the water column or seabed. 
Exclusive rights usually are essential to any aqua- 
culture project, but often difficult to obtain. The 
problem is acute within waters under State juris- 
diction and will in time become so in watcis under 
U.S. Government control. Few provisions or prece- 
dents assign exclusive rights to the seabed or water 
column for such uses, and many established 
interests, such as fishing, recreation, and conserva- 
tion, regard aquaculture as a conflicting use of 
given areas. The panel identified several cases 
where investments in aquaculture were thwarted 
for either legal or political reasons although 
conflicts of use were minimal. In these cases the 
degree of exclusivity required was not great and 
the area involved was infinitesimal compared to 
total water resources available. 

It is recommended that the State and Federal 
governments encourage the use of marine waters 
for aquaculture projects when they do not inter- 
fere with more important uses. Seasteading (see 
Chapter 3) is a means to encourage such projects 
in U.S. territorial waters by making provisions for 
granting exclusive use rights. 

Inadequate technology also is a deterrent to 
many types of aquaculture. Mechanical, physical, 
chemical, rr biological methods of containment, 
of excluding predators, and of harvesting have not 
been developed to the point of being economically 
acceptable in many proposed aquaculture systems. 
Many of these problems will be solved in conjunc- 
tion with the basic and applied ecological studies, 
and others will be solved by industry through 
engineering development programs when basic 
research indicates potential and identifies specific 
needs. 

Pollution threatens or already has destroyed 
many attractive sites for aquaculture as well as 
natural spawning grounds. However, poss iy some 
present-day forms of chemical and thermal pollu- 
tion nv ^tually enhance certain programs. In- 
creased knowledge of the effects of various pollu - 



tants on the ecology of nearshore areas and 
stronger efforts to control the harmful factors are 
urgently needed. Vigorous Government support 
through studies and provision of controls is clearly 
necessary. Water is often polluted because the cost 
of abatement is greater than the readily measured 
economic value of alternative uses; as aquaculture 
increases in importance, it may provide much of 
the positive economic impact needed to counter 
pollution. 

Some forms of aquaculture have existed for 
many years, but relative to the potential, aquacul- 
ture is a new and exciting field. In the United 
States the effort is widely md, not only in 

States with seacoasts but v. out the Nation. 

At present there is no strong central effort for 
aquaculture either within the industry or within 
the U.S. Government. The creation of such a focus 
is essential to improve communication among 
governments at all levels, the academic co iniu- 
nity, and industry. It will assist guidance of 
research efforts and documentation and dissemina- 
tion of technology, and prevent unnecessary dupli- 
cation of effort. 

The Bureau of Commercial Fisheries (BCF) 
would be the appropriate focus in the U.S. 
Government. BCF already performs some research 
and provides funds to States for extension pro- 
grams under the Commercial Fisheries Research 
and Development Act of 1964. However, BCF 
never has been in a position to fund a strong 
aquaculture program because its primary responsi- 
bility was for commercial fishing which, indeed, 
requires much attention. 

Therefore, the panel recommends that the 
Bureau of Commercial Fisheries be given more 
specie responsibility for investigating aquaculture 
programs; this must be backed with sufficient 
funds as recommended earlier. Pilot projects to 
establish research facilities and develop basic tech- 
niques appear warranted, and BCF well might 
contract such projects to industry or universities. 
Without increased support of this type, ihe com- 
mercial potential for aquaculture may not oe 
realized as soon as this panel considers possible 
and desirable. 

VII. SEA TRANSPORTATION 

A. Present Status 

The primary ,• u; oneius of the U.S. sea 
transportation industry are the merchant marine 



and the private shipyards. Merchant marine opera- 
tions are augmented by such activities as port 
cargo handling. Annual revenue accruing to the 
U.S. merchant marine, which encompasses U.S.- 
flag vessels operating in coastal and world trade, 
amounts to approximately $1.5 billion. If U.S.- 
owned, foreign-flag vessels were included in the 
definition, the revenue figure would be increased 
by as much as $4 billion, the bull: attributable to 
tankers owned by U.S. oil companies. 31 

The other main segment of the sea transporta- 
tion industry, the U.S. shipbuilding industry, 
includes conversion, repair, and construction of 
both naval and merchant vessels. The yearly value 
for this activity exceeds $2.2 billion. 32 Various 
shipyards also have been engaged in designing and 
constructing oil rigs, mining vessels, dredges for 
the Corps of Enginee ind oceanographic vessels, 
cutters, and other ships for the Coast and Geodetic 
Survey and the Coast Guard. 

Over the past 5-10 years, the small volume of 
cargo carried under U.S. flag and the decreasing 
number of merchant vessels built by domestic 
shipyards have been the subject of considerable 
concern. Several highly respected study groups 
have analyzed the problems of the U.S. merchant 
marine, especially such questions as operating and 
construction differential subsidies and foreign con- 
struction of U.S.-flag vessels. These problems are 
extremely complex and deserve more careful, 
concentrated thought than the panel was able to 
contribute in light of the broad scope of the 
Marine Resources and Engineering Development 
Act. 

The panel unequivocally believes that strong 
U.S.-flag shipping and private shipbuilding indus- 
tries are vital to the National interest. The impor- 
tance of domestic shipping and shipbuilding be- 
comes paramount during times of emergency or 
National crisis. In such circumstances, heavy reli- 
ance on foreign-flag shipping is not advisable 
though many of the ships may be under nominal 
U.S. ownership. 



31 Laird Durham (A.D. Little, Inc.), “The United States 
Ocean Industries,” April. 1966. p. 13. 

32 This figure 'fleets the value of work done during a 
year. Because most shipbuilding contracts extend oyer 
several years, “value u* work done” is considered superior 
to “total cost of ships delivered” as an indicator of 
shipyard productivity. Shipbuilders Council of America. 



Furthermore, although ships under the flags of 
Panama, Honduras, and Liberia, the so-called 
“flags of convenience,” are deemed within effec- 
tive U.S. control, the international political impli- 
cations of U.S. attempts to wrest these ships from 
their sponsor nations during peacetime emergen- 
cies are great. Therefore, the panel believes that 
the rapid decline of the U.S.-flag merchant marine 
hinders the Nation’s Utility to support overseas 
military operations and maintain vital imports in 
time of war. 

It is important to rc i U.S.-flag shipping 
in the foreign trade is an e. t commodity. The 
U.S. balance of trade is reduced every time a 
foreign-flag ship carries trade from a U.S. port. 

Snipbuilding also is essential as a domestic 
industry during a National emergency, since the 
need for ships increases rapidly. In terms of 
emergency needs, many believe the Navy building 
program, constituting more than 75 per cent of 
total construction in private yards, keeps the 
domestic shipbuilding industry sufficiently active 
to maintain the needed industrial base. In addi- 
tion, the unused potential ui U.S. shipyards can be 
mobilized readily in time of war. 



B. Trends 

Shipbuilding in the United States is a sizable 
industry, becoming more technologically-oriented 
because of the complicated equipment and design 
required for naval vessels which are more complex 
than merchant ships. However, the industry does 
not operate at peak capacity or optimum effi- 
ciency because most types of vessels are ordered in 
very limited numbers. Thus, the pace of capital 
investments in updated ship construction facilities 
has been in almost direct proportion to the 
available level of orders. 

However, the recent Navy trend toward multi- 
year, multi-ship procurement already has stimu- 
dted capital equipment improvement in shipyards. 
If contracting practices . jr merchant ship con- 
struction also followed this pattern, further mod- 
ernization could be expected. When a shipyard 
receives an order for several ships of a particular 
design, the experience and learning acquired in 
constructing the first few vessels of the series 
greatly reduces costs and improves efficiency for 
the remaining vessels. 
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One U.S. shipbuilding company has followed 
the lead of Japan by successfully marketing its 
own standardized design for a medium-sized 
tanker. As of mid-1968, this company had ob- 
tained nine contracts for nearly identical vessels. 
The design-marketing practice has been adopted 
by at least one other major shipyard. 

Other ways to minimize costs in sea transporta- 
tion are to build larger ships and utilize nuclear 
power. The total energy required to carry a ton of 
cargo at a given speed decreases as a vessel’s cargo 
capacity increases, reducing cost per ton-mile. 
Although huge tankers and bulk carriers of more 
than 100,000 deadweight tons are more efficient 
on the high seas, many harbors around the world 
are incapable of accommodating such immense 
vessels. In fact, programs to deepen ports now are 
encountering serious physical obstacles, such as 
bedrock or highway and railroad tunnels that limit 
dredging depth. Where a harbor cannot be adapted 
to handle superships, it may be necessary to build 
remote terminals offshore or relocate harbor com- 
plexes. 

Nuclear power is another potential way to 
increase operational efficiency at sea, especially 
for long-distance, high-speed travel. One big advan- 
tage of nuclear power is that siiips can operate 
much longer without refueling. Thus, during nor- 
mal conditions nuclear ships benefit in time 
savings from less frequent stops, and under war- 
time pressures they need less logistic support for 
continued operations. 

In addition, nuclear vessels require much less 
space for the combination of fuel and power plant 
and thus have a greater percentage of their 
displacement available for cargo. Some nations are 
not yet willing to receive nuclear vessels in their 
ports for fear of radiation, but it is believed that 
this will he only a temporary deterrent to the 
progress of nuclear merchant shipping. 

Construction of nuclear-powered passenger and 
cargo ships can be accomplished readily by U.S. 
shipyards. The industry has considerable expertise 
from building nuclear submarines, cruisers, guided 
missile frigates, and aircraft carriers for the Navy, 
not to lention the first nuclear-powered merchant 
ship, the N.S. Savannah. 

At present, the most heartening recent develop- 
ment in (he shipping industry is containerization. 
Two non-subsidized U.S. companies have set the 
pace in this a and have been able to compete 



successfully in international shipping. The concept 
involves technology no more complicated than 
computerized inventory and traffic control. Its 
most outstanding feature is simplicity. Prior to 
containerization, a typical overseas cargo shipment 
was handled at least eight times before secured 
aboard ship. Containerization has resulted in much 
less handling, which in turn lias led to lower 
handling costs and less pilferage. 

Containerization also enables a new systems 
approach to global transportation. Truck and 
railroad ilatcar scheduling can be coordinated with 
scheduling for containerized ships, thus allowing 
large containers to be quickly unloaded and 
transferred. By minimizing the time a ship spends 
in port, containerization results in great savings to 
the operator and permits ports to handle more 
ships and a much greater volume of cargo. 

The impact of containerization can be seen in 
the fact that 12 per cent of all 1968 foreign 
commerce handled at New York’s piers is contain- 
erized, compared to 3 per cent only two years ago. 
Furthermore, the Port of New York Authority 
estimates that by 1975 half of all cargo brought 
into New York Harbor will be handled via contain- 
ers. In view of this projected boom in contain- 
erized shipping, port facilities will have to be 
updated. 

VIII. INSTRUMENTS 
A. Present Status 

The operation, as well as the monitoring of the 
operation, of oceanographic platforms, test ranges, 

. quipment, and data systems (in fact, all aspects of 
marine science and technology) depends on the 
availability of diverse types of instrumentation 
with adequate cost-performance and reliability 
characteristics. Most important, much of the Na- 
tional investment in ocean programs now and in 
the foreseeable future will be devoted to meas- 
uring the characteristics of the marine environ- 
ment. Reliable, accurate instruments that can be 
maintained in proper calibration ju. a vital factor 
in the ultimate usefulness of data obtained from 
ocean survey programs. 

Recognition of the importance of reliable ocean 
data resulted in the establishment of the National 
Oceanographic Data Center (NODC). The data are 
available to the academic, industrial, and govern- 
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ment sectors and data exchange also has been 
established with certain foreign countries. Concern 
over proper data processing, archiving, and re- 
trieval also should be applied to its collection- 
botl. to instrumentation and methods employed to 
gather data. 

Most ocean programs have been limited in both 
staff and budget. As a result, specific program 
objectives are often compromised and only limited 
instrumentation is procured- Unlike conditions in 
many other non-oceanographic programs, such as 
the space program, ocean instrument specifications 
are often linimized, meaningful quality assurance 
programs are largely nonexistent, and service and 
maintenance manuals and other documentation 
are often inadequate to meet basic user needs. In 
addiiion, statistical information defining condi- 
tions of use, maintenance and repair cycles, and 
modes of failure are seldom documented and made 
available to the manufacturer. This, in turn, slows 
down the correction of problem areas and prevents 
the upgrading of performance and reliability in a 
logical manner. 

Past experience shows that user demand for a 
particular type of ocean instrument is generally for 
a limited quantity of highly complex instruments, 
often requiring custom design. In such cases, 
manufacturing does not lend itself to mass produc- 
tion, one factor that has allowed the small, 
technically oriented firm to compete favc ^bly 
with large corporations. Although large capital 
facilities are not always essential to produce 
marine instruments, expensive facilities are often 
necessary for development and qualification test- 
ing. 

B. Specific Problem Areas 

The most valid complaints about oceanographic 
instruments are their lack of reliability and lack of 
user confidence in the data gathered. Many articles 
have beer written and symposia sponsored to 
examine the diverse sources of unreliability. One 
recent meeting identified two primary factors: 



3 3 Government-Industry -University Symposium on In- 
strument Reliability, May 6-7. 1968, Miami, Florida, 
sponsored by the National Security Industrial 
Association-Occan Science and Technology Committee 
(OSTAC) Ocean Platform anti Instrumentation Subcom- 
mittee. 



—Lack of a common instrument performance “lan- 
guage” and satisfactory conimunciations between 
instrument producers, procurement agencies, data 
collectors, and data users. 

—Present ocean instrument procurement policies. 



1. Language and Co. .yrunications— Need for 

Specification Guidelines 

Producers, procurement agencies, and users 
require standards and specification guidelines en- 
compassing the following: 

(1) Performance requirements, (2) environ- 
n utal conditions, (3) test procedures, (4) quality 
assurance requirements, (5) design requirements, 

(6) interfacing and/or installation requirements, 

(7) terminology, (8) formats for specification and 
data, and (9) documentation. 

Performance requirements should indicate 
types of functions an instrument must perform 
and how well these functions must be carried out. 
Thus, tests will have to measure such items as 
repeatability, stability, data rate, accuracy, and 
precision. 

Additional specifications should be related to 
an instrument’s interaction with various environ- 
mental conditions during operation, storage, and 
shipping. Therefore, testing would have to ascer- 
tain the instrument’s ability to withstand such 
environmental aspects as temperature, shock and 
vibration, pressure, noise, salt spray, and humidity. 
Case histories have been compiled showing the 
seriousness of time lost through equipment failures 
from such sources as corrosion and shock and 
vibration. Developing laboratory tests to simulate 
environmental conditions is difficu quite com- 
plex, and expensive. 

For a test procedure specification, for e?^ample, 
it is necessary to define precisely what constitutes 
an acceptance test to determine if each perform- 
ance and environmental specification is met satis- 
factorily by the manufacturer. 

Furthermore, oceanographic instruments and 
important components should be classified by 
type, and standai- specifications should be devel- 
oped for each classification. 

The foregoing indicates types of specifications 
that could be standardized by Federal agencies 
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responsible for procuring oceanographic instru- 
ments. However, it is imperative that the specifica- 
tions be reasonable. Current military specifica- 
tions, for instance, would often require 

instruments that are overdesigned or overpriced 
for commercial applications. These specifications 
should provide technical guidance and should not 
restrict or freeze a design. Rather, such specifica- 
tions should simplify communications among seg- 
ments of the oceanic community. 

A large number of independent organizations 
gather and contribute oceanographic data to 
NODC. Often substantially different experimental 
results arc submitted because their instruments, or 
sensors, while similar, may have been calibrated to 
different standards, operated in a different man- 
ner, or their output data may have been processed 
differently. 

Some specification guidelines already in exist- 
ence can be applied, with or without modification, 
to ocean instruments. However, tne establishment 
of standard ocean instrument specifications is a 
major problem that will require considerable effort 
in man-hours and money over a long period until 
agreement is reached on the acceptability of such 
specifications. Voluntary groups have attempted 
to write specification guidelines, but have gen- 
erally failed due to the enormity of the task. 

The panel recommends establishing a perma- 
nently staffed and adequately funded focal point 
in the Government, preferably in a marine- 
oriented agency, to recommend measurement 
standards, prepare standard specifications, and 
perform tests on oceanographic instruments. Some 
efforts of this kind are in progress in the Navy and 
the Bureau of Standards. 

2. Procurement Philosophy 

Measuring characteristics of the marine environ- 
ment absorbs a major part of the National invest- 
ment in oceanography. The present Federal policy 
for deven -ung and acquiring oceanographic instru- 
mentation appears to minimize initial capital cost 
rather than total data cost. Thus, inadequate 
consideration has been given to the total cost ol 
obtaining required data, namely the cost to the 
data collector, processor, and user. It has often 
been demonstrated that a more expensive instru- 
ment, by virtue of its versatility and reliability, can 
effect reductions in the ultimate cost of data. 



Procurement policies have frequently over- 
emphasized initial cost because no dependable 
economic and operational performance criteria 
exist to determine the quality and usefulness of a 
given instrument. In addition, procurement specifi- 
cations often fail to take into account the total 
economic implication of er 'h specification. A 
typical example is the requirement for a much 
higher degree of instrument accuracy than is 
required. 

Under present conditions, instrument manufac- 
turers frequently do not have adequate incentive 
to d y ” v,1r >p equipment or systems that will be more 
cost-v : .five to the user. This need not be, since 
industry can produce reliable equipment at costs 
commensurate with high quality. Until procure- 
ment policies are changed, many instruments of 
inherent poor quality will continue to be procured 
on a low-bid basis. 

In summary, many instruments perform poorly 
under operational conditions and thus cause need- 
less repairs and delays. This latter expense is 
growing rapidly due to ever increasing vehicle 
operating costs. In addition, these instruments 
often are not designed to minimize the total 
data cost. 

C. Recommendations 
1. Guidelines 

To foster Government procurement of reliable, 
cost-effective ocean instruments, the panel recom- 
mends: 

—Federal procurement policies should emphasize 
lifetime cost, recommend reasonable performance 
standards, and require complete, adequate quality 
assurance programs by instrument producers. 

-General guidelines should be developed for pre- 
pa ; ng technical specifications for instrument pro- 
curement, taking into account each category of 
the specifications listed earlier. 

—The Government should recognize the cost impli- 
cations of particular technical specifications for 
data collectors, data processors, and data users. 

—Continuing, effective communications should be 
established among the data users, procurement 
agencies, and instrument manufacturers, encom- 
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passing full exchange of information on opera- 
tional economics, performance, reliability, and 
testing procedures. 

2. Implementation 

—The need for oceanographic instrument specifica- 
tions is urgent. Since the Navy purchases a large 
number of such instruments and presently has a 



lead role in this area, it is recommended that their 
role be strengthened and broadened. The panel 
encourages the Navy, working in conjunction with 
the Bureau of Standards, to act as an interim focal 
point for tests and standardization activity. 

—This function should ultimately be transferred, if 
necessary, to a civilian marine agency. 
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Preface 



This report assesses the present national effort 
in marine engineering and technology and provides 
broad guidance for the economical and rational 
development of a strong U.S. capability in the 
marine environment. 

The following objectives, stated in sub- 
paragraphs of Section 2(b) of the Marine Re- 
sources and Engineering Development Act of 
1966, were felt to be applicable in establishing the 
scope of activities of the panel: 

(1 ) The accelerated development of the resources 
of the marine environment . . . . 

(4) The preservation of the role of the United 
States as a leader in marine science and 
resource development .... 

(6) The development and improvement of the 
capabilities, performance , use , and efficiency 
of vehicles , equipment, and instruments for 
use in exploration, research, surveys , the 
recovery of resources, and the transmission of 
energy in the marine environment. 

(7) The effective utilization of the scientific and 
engineering resources of the Nation, with close 
cooperation among all interested agencies, 
public and private , in order to avoid unneces- 
sary duplication of effort, facilities , and equip- 
ment, or waste .... 

The panel has endeavored to delineate the 
Nation’s future course in the marine environment 
in terms of engineering and technological feasi- 
bility, to assess its present structure, to point out 
inhibitions to progress, and to relate the necessary 
input to the obtainable output. It stresses areas 
where engineering and technology have a bearing 
on the growth and development of industry and 
the solution of defense problems. 

The panel was particularly cognizant of the 
need for national participation as opposed to a 
predominantly government approach, in future 
ocean activities. Achieving a strong marine engi- 
neering and technology capability can be accom- 
plished best by the cooperative efforts of the 



States and regions, private enterprise, the academic 
community, and the U.S. Government. 

The material presented in this report represents 
the effort of the panel Commissioners, staff, and 
the beneficial guidance of many consultants during 
the course of the panel’s deliberations. The 
Panel Executive Secretary was: 

Lincoln D. Cathers 

Under sponsorship of the Oceanic Foundation 
additional staff was assembled to support the 
panel. This staff, the Marine Commission Support 
Group, was comprised of: 

Amor L. Lane 
Carl E. Rudiger, Jr. 

Carleton Rutledge, Jr. 

Robert J. Shephard 
R. Lawrence Snideman II 
Robert M. Lesser (part-time) 

A special note of thanks is made to the 
agencies and companies who generously provided 
the time of the Commissioners, Executive Secre- 
tary, staff personnel, and consultants. 

The panel contacted^existing organizations (the 
National Security Industrial Association, the Na- 
tional Academy of Engineering, numerous tech- 
nical societies, universities, commercial and de- 
fense industries, regional authorities, and non- 
profit organizations) to solicit and involve the 
private sector in defining problems and recom- 
mending solutions. Coordination was maintained 
with other panels through personal contact, 
monthly Commission meetings, and distribution of 
draft materials. 

In Appendix A is a complete listing of indi- 
viduals and organizations contributing to the 
development of this report. 

John H. Perry, Jr., Chairman 
Charles F. Baird 
Taylor A. Pryor 
George H. Sullivan 
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Chapter 1 Introduction and Summary 



I. PROGRAM AND GOAL 

The development of the ocean as a resource is a 
major concern closely linked to the solution of the 
problems of urban development, transportation, 
public health, foreign aid, and world hunger. 

An essential element of the national commit- 
ment to the oceans is the technology to explore 
and utilize them, to occupy the U.S. territorial sea, 
and to utilize and manage the resources of the U.S. 
Continental Shelves. This country’s position of 
technological leadership requires it to take an 
active role in developing the earth’s resources, 
especially those of the undersea frontier. 

Technological development has been the foun- 
dation of U.S- strength and national growth. Its 
extension into the oceans is necessary to continue 
national development, including creation and pro- 
tection of employment, a more enjoyable way of 
life, and maintenance and improvement of the 
national environment for the future. Economic 
and social benefits, continuing acquisition of 
scientific knowledge, and military necessity justify 
the commitment. 

H. MAJOR OBJECTIVES 

The panel proposes, as the major objectives of 
an increased national commitment to the oceans, 
that the United States should develop the tech- 
nological base and capability to: 

—Within 10 years: occupy the U.S. territorial sea; 

the U.S. Continental Shelf and slope to 
depths of 2,000 feet; explore the ocean depths to 
20,000 feet. 

— Within 30 years: manage the U.S. Continental 
Shelf and slope to depths of 2,000 feet; achieve 
the capability to utilize the ocean depths to 
20,000 feet. 1 

The depths of 2,000 feet and 20,000 feet for 
technological development of the undersea frontier 
are dictated by the bathymetry of the oceans and 



the state of technology. Beth depths are reason- 
able targets. The two major objectives are workable 
for U.S. ocean activities and may be carried out 
within an acceptable international legal framework. 



Figure 1 Key Definitions 

Ocean engineering— The application of 
science and engineering to describe the 
marine environment and to develop and 
operate systems for its utilization. 

Marine technology— The total capability to 
utilize the ocean environment, including 
knowledge, equipment, techniques, and 
facilities. 

Occupy— To inhabit a volume of ocean or an 
area of seabed to observe, make decisions, 
and take action. Occupation includes the 
element of permanence. 

Explore— To search, probe, map, and chart 
systematically the ocean environment, in- 
cluding the water column, floor, and sub- 
floor features for the purpose of enhancing 
subsequent action. 

Manage-To direct effort to conserve deplet- 
able resources, achieve continued and im- 
proved yield of regenerative resources, mod- 
ify the environment to facilitate these 
efforts, and resolve multiple use conflicts. 

Utilize-To carry out a useful purpose or 
operation; to obtain profit or benefit by 
using. 



The earth’s continents are fringed by shallow, 
sloping shelves varying in width from a few yards 
to hundreds of miles. The shelves and a limited 
area of the steeper continental slopes beyond lie 
within the 2,000 foot contour, an area totaling 
nearly 10 per cent of the earth’s ocean floor— 
approximately as large as North and South Amer- 
ica combined. The 2,000-foot depth is within 



1 Key definitions are given in Figure 1. 



reach of present U.S. technology and closely 
relates to current estimates of diver working 
potential. As a primary technological goal it is 
realistic, attainable, and immediately rewarding. 

The continental slopes, especially beyond the 

2.000 foot contour, are quite precipitous. For 
example, the next four 2,000 foot increments to 
the 10,000 foot contour each provide only about 
three per cent more bottom area. For depths from 

10.000 down to 20,000 feet, increased depth 
capability is rewarded with access to an additional 
75 per cent of the total ocean bottom area, while 
depths beyond 20,000 feet (two per cent of the 
total) are found only in a few trenches. Therefore, 
a natural deep ocean technological development 
goal exists for 20,000 feet. (See Figure 2.) 

The promising characteristics of advanced 
structural materials, new concepts of external 
machinery and equipment, and better engineering 
make operations at 20, 000-foot depths a practical 
objective. Twenty thousand feet is a logical, 
realistic, yet challenging goal for technology. 



III. MAJOR RECOMMENDATIONS 



A. General 

1 . A National Advisory Committee for the Oceans 
to {guide national marine efforts. 

2. An oceanic agency concentrating in one 
agency appropriate U.S. Government groups 
with primary roles and missions in the oceans 
and including a technology development group. 

3. A 10-ycar program cf intensive undersea 
development. 

4. National Projects to accelerate progress into 
the undersea frontier. 

5. A strong Navy undersea mission and an 
improved program in deep submergence and 
ocean engineeering. 

6. An effective national commitment to the 
ocean requiring understanding and cooperation 
from all segments of the national economy. 

B. Fundamental Technology 

7. A program to advance fundamental marine 
engineering and technology. 

8. Development of engineering design handbooks, 
technical memoranda, and other design data 
with a system for continually updating this 
information. 

C. Test Facilities 



The panel’s report is summarized in this list of 9. A program to increase the number and quality 
recommendations: of test facilities and to reduce testing costs. 




capabilities. 
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D> Deep Ocean 

10. A program to expand 20,000-foot ocean 
engineering capabilities. 

1 L Technology priorities in power sources, tree 
flooding machinery, equipment, and materials. 

12. Systems priorities in survey vehicles, search 
vehicles, transfer vehicles, manned stations, 
and support systems. 

E. Nearshore 

13. A program of pollution monitoring and water 
quality restoration to complement the 
essential goal to halt effectively the pollution 
of nearshore waters. 

14 a program of coastal biological and 
engineering efforts. 

15. A program to improve port and harbor de- 
velopment technology . 

16. A Coast Guard research and development 
program leading to improved maritime safety. 

F. Great Lakes 

17. A restoration technology National Project 
tailored to the immediate needs of Lakes Erie 
and Ontario and southern Lake Michigan. 

18. An actual restoration project undertaken as 
soon as technology is available. 

G. Industrial 

1. Fishing and Aquaculture 

19. Development of greatly improved domestic 
fish production capability. 

20. Surveys of promising underutilized commercial 
and sport fisheries. 

21. A program to pursue aquaculture development 
vigorously . 

2. Oil and Gas 

22. A mechanism for optimum information 
exchange between the Government and the 
petroleum industry. 

23. Government furnished information on funda- 
mental undersea technology, biomedicine, and 
reconnaissance mapping and charting, and 
increased development of environmental pre- 
diction and modification technology. 

24. A program directed toward reduction of oil 
spills and combating their effects. 



3. Chemical Extraction and Desalination 

25. Development of new chemical extraction tech- 
nology in conjunction with desalting research. 

26. Government participation in advanced desalt- 
ing technology projects without its entrance 
into the business of supplying desalted water. 

27. A balanced program advancing desalination 
technology to convert seawater, inland 
brackish water, and waste water into usable 
supplies. 

4. Ocean Mining 

28. A program to advance undersea exploration 
technology to enable timely delineation of 
offshore reserves and provide growth of off- 
shore mining. 

5. Power Generation 

29. A developmental program for submerged 
commercial nuclear power. 



IV. TEN-YEAR PROGRAM OF MARINE DE- 
VELOPMENT 

The concept supported by the panel is to 
advance marine engineering and technology 
through cooperative participation by State, 
Federal, academic, and industrial groups. 



A. Fundamental Technology 

Fundamental technology is an essential base for 
future marine endeavors. Particular categories, by 
definition, have numerous multiple interrelated 
applications. The quality and scope of funda- 
mental technology must be expanded con- 
tinuously to assure new developments, reduce 
costs, increase capability, improve reliability, and 
afford new ways to solve problems. 

Elements of fundamental technology most criti- 
cal for effective commercial development, scien- 
tific exploration, and military operation are listed 
in Figure 3 in approximate descending order of 
importance. References in parentheses are to 
Chapters 5 and 6 of this report where pertinent 
detailed discussion may be found. 
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C. National Projects 



Figure 3 

Elements of Fundamental Technology 

(a) Survey equipment and instrumentation 
(5-I-A) 

(b) Power sources (5 1 -B) 

(c) External machinery systems and equip- 
ment (5-1-C) 

(d) Materials (5-l-D) 

(e) Navigation and communications (b-l-E) 

(f) Tools: diver and vehicle (5-1-F) 

(g) Mooring systems, buoys, and surface 
support platforms (5-1-G) 

(h) Biomedicine and diving equipment 
(5-1-H) 

(i) Environmental considerations (5-M) 

(j) Data handling (5-I-J) 

(k) Life support (5-1-K) 

(l) Coastal engineering (5-IV-B) 

(m) Extraction techniques (6-V1) 

(n) Services: certification, inspection, and 
recovery (5-lll-C) 

(o) Coastal ecology (control and modifica- 
tion) (5-1 V-A and 5-V) 



B. National Test Facilities 

The marine environment is not well known, 
and with today’s technology it is a hostile and 
difficult operating area. History has borne out that 
adequate testing is required to utilize a foreign 
environment effectively. Thus, in developing the 
capability to occupy and manage the offshore 
areas and explore and utilize the deep oceans, it 
will become evident that test facilities will be a 
national resource as important as any other single 
factor. 

There are two prime elements of the national 
test facility needs— (1) those to test systems, 
equipment, components, and fundamental de- 
velopments and (2) those to test man as a diver in 
the sea. (See Chapter 5, Section II for details.) 



A series of national facilities, programs, and 
projects, generically called National Projects, is 
recommended for consideration during the 1 0-year 
program to support technological progress in the 
oceans. These projects, many having strong inter- 
relationships, are listed in Figure 4. (See Chapter 7 
for details.) 



Figure 4 

National Projects 



National Undersea Facilities 

1. Fixed continental shelf laboratory 

2. Portable continental shelf laboratories 

3. Mobile undersea support laboratory 

4. Seamount station 

5. Deep ocean stations 
— Continental slope 
— Midocean ridge 
— Abyssal deep 

National Marine Programs 

6. Pilot buoy network 

7. Great Lakes restoration program 

8. ftesource assay equipment development 

program 

9. Coastal engineering and ecological 

studies program 

10. Fisheries and aquaculture program 
National Marine Projects 

1 1 . Experimental continental shelf sub- 

merged nuclear plant 

12. Large stable ocean platform 

13. Long-enduranca exploration sub- 

mersibles with 20,000-foot capability 

14. Prototype regional pollution collection, 

treatment, and processing system 

15. Prototype harbor development project 
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Figure 5 

Cost for 10-Year Program 



D. Costs 

The result of the national effort will be tc 
establish the technology needed for access to the 
oceans in a convenient, economical, and reliable 
manner with a taxpayer investment of less than 
one billion dollars of new funding per year over 
the next decade. 

Figure 5 is a breakdown ot the estimated costs 
for the 10-year marine development program. 



Ten Year Cost 

Category (billions of 

dollars) 



Fundamental Technology 1 
Test Facilities 

Simulation facilities . 
Biomedical chambers 
Ocean test ranges . . 



2.0 - 3.0 



0.4 - 0.6 
0.1 - 0.2 
0.3 - 0.4 



National Projects 
Undersea facilities 
Marine programs . 
_ Marine projects - 
Operational Support 
TOTAL ’ 



0 . 6 - 1-0 
0.3 - 0.5 
0.4 - 0.7 
1.0- 1-5 
5.1 - 7.9 



, See Figure 2. 
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Chapter 2 Major Findings and Recommendations 



The major findings and recommendations of 
the Marine Engineering and Technology Panel are 
summarized under the following categories: 

A. General 

B. Fundamental Technology 

C. Facilities 

D. Special Deep Ocean Considerations 

E. Special Nearshore Problems 

F. Great Lakes Restoration 

G. Industrial Technology 

These categories relate directly to the report’s 
major marine technology discussions, most of 
which are concerned with surface or relatively 
shallow operations to 2,000 feet. Such operations 
are expected to dominate national ocean activities 
during the remainder of this century. Within each 
group, findings are presented first, followed by 
recommendations. This chapter summarizes the 
current state of marine technology, its potential, 
and a valid approach to advancing the nation’s 
capability to explore and utilize the oceans fully. 

A. General 

The oceans are the promise of future genera- 
tions; they are the arena for achieving a major 
advancement in world gross product. Ocean devel- 
opment is a major concern— more compelling to 
today’s national interest than space development- 
integral to the solution of urban, transportation, 
health, foreign aid, and world nutrition 
problems— and vital to national defense. 

The present overall undersea capability of the 
United States is extremely limited relative to the 
potential of marine technology. Given a funda- 
mental technology program and a commitment to 
the oceans, the United States could produce 
systems in 10 to 15 years that would duplicate on 
the continental shelves many productive terrestrial 
functions while attaining substantially improved 
operating capabilities throughout the oceans at all 
depths. 

Industrial, scientific, and military undersea 
technology are closely linked. A properly man- 
aged, balanced, comprehensive, dynamic marine 

88 



engineering and technology development program 
over the next 10 years could provide the United 
States a wide range of industrial, scientific, politi- 
cal, and military technological options. 

Without such an accelerated undersea explora- 
tion and development program, a critical national 
technological deficiency will develop. Moreover, 
instead of an orderly development, a crash reac- 
tion would become necessary should some other 
nation demonstrate an internationally important 
undersea capability. 

The goals stated in this report will not be 
achieved unless a much greater national commit- 
ment to the oceans is made. U.S. ocean activities 
presently include substantial private, State, and 
regional efforts. Therefore, the oceans deserve a 
different approach than military and space endeav- 
ors which have been strictly Federal responsi- 
bilities. 

Overall undersea capability could advance more 
rapidly if affirmative efforts were made to publish 
government-developed technology. Unclassified re- 
search and engineering data are sometimes not 
released because funds are insufficient to prepare 
public reports, manpower limitations hamper ex- 
traction of unclassified technological data from 
classified documents, or the U.S. Government 
(especially the military) chooses to withhold un- 
classified data from general distribution. 



Recommendations: 

1. A National Advisory Committee for the Oceans 
(NACO) should be established with representation 
from the States and regions, private enterprise, the 
academic community, and the U.S. Government. 
Its principal functions would be to (1) advise all 
U.S. Government agencies with missions in the 
oceans on the planning and implementation of the 
national marine efforts, (2) inform the Congress, 
(3) assist the States and private interests, (4) guide 
the fundamental marine technology development 
program, and (5) submit a periodic report assessing 
the national ocean program. Advice should^ be 
given in such areas as national goals and long-range 
plans, facilities, manpower. National Projects, 
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scientific investigations, and oceanographic opera- 
tions. 

2. A new, adequately funded oceanic agency 
should be established within the U.S. Government 
to concentrate in one agency appropriate civilian 
groups with primary missions and roles in the 
oceans. An important part of the new agency 
should be a technology development group re- 
sponsible for conducting and supporting a funda- 
mental marine technology program and providing 
engineering support to the agency’s operating 
groups. 

3. A 10-year program of intensive undersea devel- 
opment should be undertaken- Such an effort 
would give the Nation the technological base and 
capability to: (1) occupy the territorial sea, (2) 
utilize and manage the resources of the U.S. 
Continental Shelf and slope, (3) explore and 
utilize deep ocean resources, (4) meet needs for 
undersea military operations, and (5) determine 
intelligently future national undersea programs. 

4. A series of National Projects should be estab- 
lished to support advancement into the undersea 
frontier of industry, the States, the academic 
community, and the U.S. Government agencies in 
an economic manner. These projects should re- 
ceive government support and, where applicable, 
be available to all users on a cost reimbursement 
basis. Principal use of these National Projects will 
be to test and evaluate the economic and technical 
feasibility of advanced marine developments. 

5. Navy undersea development efforts in deep 
submergence and ocean engineering should be 
increased- The program outlined by the Deep 
Submergence/Ocean Engineering Program Pl ann ing 
Group appears to reflect realistically future Navy 
needs. In addition to this program, an expanded 
Navy mission in support of the applicable national 
technology goals should be recognized to take 
maximum advantage of existing capabilities and 
facilities. Cooperative efforts between the Navy 
program and the civilian program should be 
pursued to the fullest extent. 

6. An effective national commitment to the 
oceans will require understanding and cooperation 
from all sectors of the economy -general public. 



industrial, academic and scientific, and military 
and civilian government. 

General Public Requirements: 

—Total national involvement including efforts of 
States, regions, and private enterprise. 

—An awareness by the American people of the 
importance of the oceans to the Nation and the 
world. 

Industrial Needs: 

— Extensive survey information on marine re- 
sources on which to base investment decisions. 

-Sufficient Government ocean engineering devel- 
opment funds to stimulate substantial private 
investment in operational systems. 

-A better appreciation of the complexities and 
costs of operating in the oceans. 

—A solid base of fundamental technology and 
operating experience. 

—A legal and political framework that fosters 
ocean exploration and production activities. 

Academic and Scientific Needs: 

-Sufficient funds allocated to scientific projects 
to provide improved engineering support of at-sea 
scientific operations. 

-A close interaction between scientists and engi- 
neers in applying engineering capabilities to the 
conduct of scientific projects. 

—More emphasis in engineering institutions on 
ocean problems. 

Military Needs: 

—Establishment within the Department of Defense 
of a strong primary military mission in undersea 
technology to meet present and future threats. 

—A clearly stated Navy mission in support of 
national marine programs evoking support of the 
Congress, civilian leaders, and the general public. 

—A recognition of the contribution that can be 
made by use of Navy capabilities in international. 
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economic, political, scientific, and technological 
fields. 

—Funds in addition to those required for military 
commitments sufficient to allow use of Navy 
capabilities and management expertise in support 
of the overall national goals. 

Civilian Government Needs: 

—A concentration of agencies having ocean roles 
and missions. 

— A marine and undersea technology development 
capability. 

B. Fundamental Technology 

Critical advances in fundamental technology are 
required to improve undersea operating capabil- 
ities and reliability. Examples include: reliable, 
efficient, compact power sources; machineiy and 
equipment capable of ambient operation; corro- 
sion and fouling resistent, high strength-to-weight 
materials; subsurface navigation and precise posi- 
tioning devices; underwater communication and 
viewing systems; and biomedicine. 

Knowledge of ocean environmental variables, 
particularly such features as temperature, salinity, 
depth, biological effects, bathymetry, acoustic 
properties, bottom and sub-bottom geology, is 
insufficient to establish valid engineering design 
criteria for undersea systems. 

Recommendations : 

7. A fundamental marine engineering and tech- 
nology program should be vigorously pursued to 
expand the possibilities and lower the costs of 
undersea operations. 

8. Handbooks, technical memoranda, and other 
engineering design data should be developed, 
continually updated, and made available to the 
ocean engineer to provide critical information o.u 
undersea environmental conditions and the behav- 
ior of systems, materials, and components in the 
environment. 

C. Test Facilities 

The necessity for adequate test facilities to 
permit safe, orderly, and rapid advancement into 



the undersea frontier parallels the history of 
strategic test facility needs for development of 
high altitude, supersonic, and space flight. Ocean 
test facilities are a national resource as important 
as any other single factor in the development of 
technology. 

Insufficient and often unsuitable test facilities 
today are seriously impeding advancements in 
submersible, habitat, equipment, and instrumenta- 
tion development. 

Facilities for physiological research, medical 
training, diver equipment development, and satura- 
tion diver training are grossly inadequate. 

Recommendation: 

9. A national program should be initiated to 
increase the number and capability of undersea 
research, development, test, and evaluation facil- 
ities and to oversee efforts to improve facility 
design technology to reduce costs. A two part 
approach is needed for systems and equipment 
development and biomedical development. 

O. Special Deep Ocean Considerations 

The bathymetry of the world’s oceans is such 
that approximately 88 per cent of the ocean floor 
lies between the 2,000 and 20,000 foot contours, 
with 10 per cent less than 2,000 feet deep and 
only two per cent greater than 20,000 feet deep. 

Marine life and high grade mineral resources 
exist at 20,000 feet. Sedimentary deposits which 
may contain oil are known to exist on the 
continental rises at depths from 6,000 to 14,000 
feet. 

The deep sea is of great interest to scientists 
concerned with such fields as ocean circulation, 
climatology, nutrient supply, marine biology, geo- 
physics, and geology. 

A technological deficiency in systems designed 
to operate below 2,000 feet exists because of the 
lack of a national commitment to understand, 
explore, and utilize the deep ocean. Deep ocean 
operations in general are restricted severely by 
equipment failures and the lack of ability to do 
useful work. 

Military systems with deep operating capability 
will provide such advantages as better conceal- 
ment, improved location for acoustic systems, 
expanded tactical coverage of systems operating 
above, and larger absolute margin of safety during 
dives and submerged maneuvers. Deep operating 
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systems would be required for undersea arms 
control inspection and enforcement. 

Recommendations: 

10. The United States should undertake immedi- 
ately a dynamic and comprehensive advanced 
development program leading to a greatly ex- 
panded ocean engineering capability. The deep- 
ocean goal should be set at the working plateau of 
20,000 feet to gain access to 98 per cent of the 
world’s oceans. This is consistent with the pro- 
jected status of deep ocean technology. Develop- 
ment of 20,000-foot systems to explore and utilize 
the ocean as a whole is more rational than to 
advance incrementally at greater overall cost. 

11. The deep ocean development program should 
give highest priority to: 

—Compact power sources for vehicles and habitats. 

-Reliable free flooding external machinery, elec- 
trical systems, and equipment. 

—Materials for low weight-to-displacement ratio 
structures; high-strength, corrosion and fouling 
resistant components; and supplemental buoy- 
ancy. 

12. The United States should undertake a pro- 
gram to gain knowledge and experience in the 
deep ocean, focusing on technology to develop: 

—Efficient long-endurance exploration submers- 
ibles and associated instrumentation. 

—Logistic support and rescue vehicles for crew 
transfer and resupply. 

Manne d stations capable of submerged support 

by deep submersibles. 



astrous effects on recreation, fish and wildlife, 
water supplies, natural beauty, commercial devel- 
opment, and scientific study. Pollution in some 
areas is so critical that the use of nearshore waters 
for additional waste disposal cannot be tolerated. 
A technology base exists to produce more effec- 
tive waste treatment techniques, monitoring de- 
vices, and to introduce preventative and restorative 
measures. 

So much critical U-S- coastal land has been lost 
to the sea that improved coastal engineering 
technology becomes increasingly important. Ex- 
tensive erosion protection projects have been 
undertaken, but due to a lack of basic understand- 
ing of shore processes there often have been both 
unexpected failures and undesirable results. 

Progress in marine transportation is leading 
rapidly to larger, deeper-draft bulk carriers and 
high speed ships with such improved cargo han- 
dling systems as containers and lighters. Contain- 
erization is growing especially fast. The New York 
Port Authority estimates that by 1975, 50 per 
cent of its general cargo will be containerized 
compared to 12 per cent at present and only 3 per 
cent in 1966. 

Port design in addition to ship design will pace 
future progress- Deepening of harbors to accom- 
modate large bulk carriers is encountering such 
severe physical barriers as bedrock, manmade 
tunnels, and long shallow approaches. In general, 
terminals for bulk and containerized shipping must 
be totally new. Utilization of land made available 
by obsolete facilities can make valuable contribu- 
tions to urban development. Increased ocean 
activity will require government emphasis on 
safety and regulation. Nearshore activities place 
prime reliance on dependable navigation and 
communications. 

Recommendations : 



-Submersible mother ships and stable surface 
platforms to support undersea operations safely 
and efficiently. 

E. Special Nearshore Problems' 

Pollution is the most serious problem in the 
nearshore area, having detrimental and often dis- 



1 In this panel report, the emphasis is on the engineer 
g and technology to support activities m the coastal and 
tuarine zones. Another panel report deals with the 
erall problems of these zones. 



13. Disposal of wastes in coastal waters must not 
be considered an acceptable alternative to pollution 
abatement and control without full prior knowl- 
edge of its effects. A goal should be set to halt 
substantially any further pollution and to improve 
the quality of nearshore waters. The goals of this 
program should be enforced by joint State-Federal 
ultimate standards to be fixed immediately. These 
standards should be tailored for incremental future 
compliance until the desired s tan d ar ds are at- 
tained. In addition, detailed research and develop- 
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ment programs should be pursued to improve 
technology of monitoring devices to help deter- 
mine pollution sources and distribution. 

14. To increase the quality ard quantity of 
usable coastal land, a program of coastal biolog- 
ical and engineering efforts should be pursued 
vigorously and adequately funded to perform such 
tasks as: 

— Coastal process studies. 

—Prototype developments of new erosion preven- 
tion systems. 

—Applied research on nearshore ecology. 

15. Port and harbor development should be based 
on a total systems approach to marine transporta- 
tion. Such development should concentrate on 
design of offshore bulk cargo terminals and im- 
proved methods of intermodal (air-land-sea) trans- 
fer to allow more effective use of coastal land. 

16. To protect life and property better, the Coast 
Guard should pursue a research and development 
program to strengthen capabilities for traffic con- 
trol, monitoring, and search and rescue (including 
underwater divers, submersibles, and habitats). A 
study should be made of present and potential 
underwater acoustic requirements. Frequency and 
power level allocations should be established and 
enforced. 



F. Great Lakes Restoration 

The major problem faced by the Great Lakes is 
aging (eutrophication) accelerated by water pollu- 
tion leading to : 

-Over-enrichment of the Lakes 

—Build up of dissolved and suspended solids in the 
Lakes 

—Oxygen depletion of the Lakes and tributaries 

Lake Erie, Lake Ontario, and southern Lake 
Michigan are in the worst condition of the five 
Great Lakes, but none is beyond restoration. 
Technology can reverse the aging process. Pollu- 



tion abatement is required to make restoration 
efforts effective. 

Recommendations: 

17. A National Project tailored to the immediate 
needs of Lakes Erie and Ontario and southern 
Lake Michigan should be funded to test such 
promising restoration schemes as artificially in- 
duced destratification. Existing facilities should be 
used to the fullest extent. 

18. A restoration project for Lakes Erie and 
Ontario and southern Lake Michigan should be 
undertaken as soon as the technology is available. 
The program should complement the implementa- 
tion of effective pollution abatement technology 
in all the Great Lates and must be managed to 
accommodate Federal, State, community, and 
private interests. 



G. Industrial Technology 
1. Fishing and Aquaculture 

The total annual production of the U.S. fishing 
industry has been static at four to six billion 
pounds for nearly 30 years, although the U.S. 
market is three times the U.S. catch and is growing 
rapidly. Further, the sustainable yield adjacent to 
the United States is estimated to be greater than 
30 billion pounds. The U.S. fishing fleet is mixed 
in quality— partly antiquated, such as the New 
England ground fish fleet, and partly modem, as 
the West Coast tuna fleet and parts of the Gulf 
Coast shrimp fleet. 

Fishermen spend an average of half of then- 
total time at sea hunting fish, and in some fisheries 
considerably more. Nevertheless, government ef- 
forts to assist the industry have given greater 
emphasis on biological science, and less on search, 
location, and harvesting technology development. 

Freshwater aquaculture of catfish and trout and 
estuarine aquaculture of oysters are examples of 
successful local U.S. industries with good growth 
potential. A strong market exists in the United 
States for quality sea food products many of 
which are adaptable to aquaculture. Open sea 
aquaculture, however, does not yet exist commer- 
cially. 
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Recommendations : 

19. Fisheries production technology should be 
developed through greater emphasis on engineering 
to permit U.S. fishermen to supply a much greater 
fraction of the domestic market. An expanded 
program should be undertaken to improve vessels, 
fish catching gear, and methods. Laws governing 
fisheries management should focus on controlling 
the total catch rather than restricting the use of 
improved equipment and harvesting methods. For 
overfished stocks, emphasis should be placed on 
technical support of biological research and on 
modification of existing fishing equipment for use 
in other fisheries. For stocks not in danger of 
depletion, efforts should be concentrated on gear 
development, vessel design, survey, and fish loca- 
tion technology. A substantial share of the pro- 
gram budget should be used for contract studies 
by industry and private institutions. 

20. The U S. Government should sponsor contin- 
uing surveys of promising coastal and distant 
fishery resources, including sport fisheries, to 
determine the potential of under-utilized species, 
to provide information for fish location and 
harvesting equipment design applicable to these 
species, and to support negotiation of inter- 
national fisheries agreements and treaties. 

21. The promise of aquaculture should be pursued 
with such development efforts as selective breed- 
ing, control of temperature and nutrients, and 
containment techniques. Aquaculture projects 
should be established, in existing laboratories 
where feasible, to emphasize engineering appli- 
cable to freshwater, nearshore, and open sea 
systems. 

2. Oil and Gas 

Offshore oil and gas industry initiative has 
developed a major nongovernmental marine sci- 
ence and engineering program. Much of the result- 
ant technology will be applicable to future 
Government and other industry ocean programs. 

Offshore production continues to move into 
progressively greater depths. During 1969, explora- 
tory drilling is expected in water depths of 1,300 
feet and production established in as deep water as 
400 feet. Within 10 years, such systems as remote 
control undersea core drilling rigs may be in 



operation. Mainly because of power requirements 
exploration and production wells will continue to 
be drilled from the surface. An increasing number 
of production wells and fields will be completed 
beneath the surface, making increasing use of 
acoustically controlled undersea equipment. 

Technology has so advanced that specially 
designed barges can weld. X-ray, externally coat, 
and lay pipelines. Five, thousand miles of pipe, 
from small 2-inch flov^ lines to 26-inch trunk lines, 
now traverse the floor of the Gulf of Mexico. To 
date, pipe laying has been limited to 340 feet in 
medium diameter (12 inch) pipe and 100 feet in 
large diameter (48 inch) pipe. 

Major oil spills from tankers have been a costly 
hazard, in some cases disastrous and causing 
international repercussions. Even such lesser oil 
discharges as cleaning tanks or pumping bilges on 
the high seas have detrimental effects on beaches 
and coastlines. 

Recommendations: 

22. A mechanism should be established to ensure 
optimum information exchange between the U S. 
Government and the petroleum industry. 

23. Results of such Government undersea tech- 
nology programs as biomedicine to support ad- 
vanced diving, fundamental undersea technology, 
and reconnaissance mapping and charting should 
be available to the petroleum industry to help 
expand operations to deeper water and reduce 
operation risks and costs. Technology efforts 
should be expanded to improve Government serv- 
ices in environmental prediction and modification, 
particularly regarding hurricanes and sediment 
behavior and transport. 

24. The government must ensure development of 
improved methods to minimize the possibility of 
oil spills, optimize clean-up measures, and identify 
die responsible polluters. Contingency plans 
should be prepared to permit immediate action to 
contain and clean up major oil spills. 

3. Chemical Extraction and Desalination 

Magnesium metal, magnesium compounds, and 
bromine are extracted from sea water commer- 
cially, supplying 90, 34, and 50 per cent respec- 
tively of the U.S. market. Desalination effluents 
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and high concentration anomalies, such as the Red 
Sea hot spots, may make it practical to extract 
other elements of even lower average concentra- 
tions. Worldwide, salt is the most important 
product extracted, with almost 30 per cent of the 
total world production being derived from sea 
water. 

Desalination processes can be used for multiple 
purposes including the conversion of sea water and 
brackish water and for purification of polluted 
water. No single process is optimum for the 
divergent types of input water and output quan- 
tity and quality needed. Energy and capital invest- 
ment costs dominate the economics of desalted 
water. 



Recommendations : 

25. The present program to develop alternate 
desalting methods for differing applications should 
be expanded. Attention should be given to new 
chemical extraction technology which can be used 
with concentrated brines. 

26. The U.S. Government’s prime objective in its 
saline water program should continue to be die 
advancement of desalting technology, in contrast 
to the business of supplying water. The final step 
in developing promising new or improved pro- 
cesses should be based on two major approaches, 
both in cooperation with private industry: (1) 
sponsorship of construction and operation of 
prototype or demonstration plants and (2) partici- 
pation with water supply agencies in constructing 
and operating such plants. Thus, State, municipal, 
and private water supply agencies would have an 
opportunity to utilize new desalting technology in 
a first-of-a-kind plant wherein the risk is shared 
through Government financial support. 

27. The Government’s desalination research and 
development program should be balanced to de- 
velop techniques to supply large-scale regional 
water needs, including metropolitan coastal facili- 
ties and ultimately agriculture; to develop more 
reliable and efficient small plants for beachfront 
hotels and islands and for small inland communi- 
ties which must make use of brackish or polluted 
water supplies; am- to develop systems to permit 
industrial and municipal re-use of waste water. 



4. Ocean Mining 

Solid minerals exist in the form of deposits on 
the seafloor and within the bedrock. In each cate- 
gory the resources are extremely diverse in nature 
and value. Bottom deposits include shells, sand, 
phosphorite and manganese nodules, and gold and 
tin placers. Bedrock deposits include coal, sulphur, 
and iron ores. Technology for exploration and 
recovery of each is substantially different. 

The only mineral recovery operations on the 
U.S. Continental Shelf are sand, gravel, and oyster 
shell dredging plus sulfur extraction. Deep ocean 
manganese nodules are known to contain substan- 
tial concentrations of nickel, copper, and cobalt. 
The technology for commercial nodule mining, 
however, has not yet been demonstrated. Future 
ocean mining may require submersible exploration 
vehicles and dredges; seafloor production, boring, 
and d rillin g rigs; ocean accessible installations in 
the bedrock; and high capacity vertical and hori- 
zontal transport systems. 

Recommendation : 

28. Although the worldwide supply of land based 
mineral resources may be sufficient to the year 
2000, it is essential for U.S. industry to make an 
early start in offshore exploration and production. 
To delineate offshore mineral reserves and provide 
the f undame ntal technology for future growth, the 
US. Government should establish a program to (1) 
prepare and publish reconnaissance scale bathy- 
metric, geophysical, and geological maps of UJS. 
Continental Shelves and deeper areas, (2) establish 
favorable legal, political, and economic incentives 
to encourage industry to delineate further exploit- 
able deposits and develop its own extraction 
technology, and (3) cooperate in developing un- 
dersea mineral exploration devices emphasizing 
more rapid geophysical exploration tools and 
improved deposit sampling equipment. 

5. Power Generation 

Tides, waves, currents, and thermal differences 
are theoretically feasible sources of power in 
certain locations. Although some developments 
show promise, as yet no plant in the world is 
profitably generating power from these sources. 
Principal use of the sea in power generation 
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probably will continue to be for dissipating waste 
heat from fossil or nuclear fueled power plants. 

Recommendation : 

29. The Atomic Energy Commission and the new 
oceanic agency in cooperation with private indus- 
try should sponsor development and construction 
of an experimental continental shelf submerged 
nuclear power plant. The technology developed 



would permit later construction of relatively 
small (5,000 to 10,000 kw) power sources to 
support undersea operations. A possible subse- 
quent development would be huge stationary 
electric generating facilities (thousands of mega- 
watts). Such large facilities will become increas- 
ingly important as coastal land grows scarce and 
expensive and as it becomes necessary to shift 
thermal pollution loads from the nearshore areas. 
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Chapter 3 Factors Affecting Technology Development 



This chapter presents a number of important 
non-technica! aspects that will influence the course 
of marine technology in the United States. These 
include (1) opportunities for the future, (2) 
importance, urgency, and rationale for U.S. leader- 
ship, (3) trends influencing marine development, 

(4) interrelationships among economic segments, 

(5) interrelationships of technical influences, and 

(6) influence of technology on the law of the sea. 

Experience shows that forecasts of the near 

future tend to be overly optimistic and forecasts 
of the far future lack boldness. A look at the 
distant future and the benefits of a national ocean 
program envisions communities working and living 
in the oceans. 

The importance, urgency, and rationale for U.S. 
leadership in ocean science and technology require 
that a national program be pursued vigorously. 
Although timing is critical, a crash program is not 
needed. The complexities of the undersea frontier 
require a modem store of knowledge for opera- 
tions both on the continental shelves and in the 
deep oceans. In the progress to the shelves and 
the deep, science and technology will be con- 
stantly challenged. Well conceived and executed 
endeavors in science and technology have proved 
worthwhile in the past. National security, water 
pollution, and international affairs are important 
motives for U.S. leadership. 

Several influences strongly pressure the Na- 
tion’s advancement into the waters of the conti- 
nental shelves and deep ocean. Just to maintain, 
nonetheless to improve, living standards of an 
increasing world population requires progressively 
more food, shelter, water, energy, and recreational 
resources. National needs include areas for further 
peaceful expansion, new opportunities to earn 
profits and establish new tax bases, reliable mili- 
tary security, and means for assisting developing 
nations to become self-supporting. 

Although not always distinctly defined, science, 
engineering, and technology have interrelations 
essential to the national program, and they require 
reinforcement. There is an important interrelation- 
ship among the government, industry, and aca- 
demic communities which requires an exchange of 
information and skilled personnel. The interrela- 



tionship of the civilian and military sectors of 
society has problems relating to planning, informa- 
tion exchange, and security classification. Ocean 
activities will stimulate new international relation- 
ships; they can benefit this Nation and others. 

Current law of the sea relates only to the 
ocean’s surface. Inevitable technological progress 
will compel new legal codes when present surface- 
oriented laws fail to satisfy the needs of the 
undersea activities. 

The rise and fall of great nations has invariably 
included a period of territorial expansion and 
acquisition. Nations failing to extend frontiers 
often fell victim to neighbors who pursued policies 
of expansion. The United States originated with 
13 colonies on the Eastern seaboard and through 
purchase and settlement spread the American 
culture from the Atlantic to the Pacific. 

Except Antarctica, no important land area today 
remains for peaceful expansion and settlement. 
Overpopulation and undernourishment are rapidly 
becoming a specter of the future, and man will 
turn to the sea for additional nourishment, mate- 
rial resources, and perhaps living space. Future 
generations may dwell on continental shelves, 
going ashore only to market the products of their 
undersea community and to procure items not 
available in the ocean. Atlantis may become not a 
myth of the past but a civilization of the future. 

Complete, well planned exploration and inten- 
sive utilization are needed to establish firmly this 
new frontier. The United States should proceed 
now with this planet’s final peaceful expansion. 



I. OPPORTUNITIES FOR THE FUTURE 

The engineering and technology program rec- 
ommended is aimed principally at opening the 
undersea frontier. Particularly important is the 
element of economical and continuous access, 
with strong emphasis on reducing the costs of 
at-sea operations to make ocean resources more 
available. 

From the first, the Commission was directed to 
pioneer, experiment, and look to the future. Its 
mandate was to outline activity for the foreseeable 



future and to give guidance to the U.S. Govern- 
ment. 

Fulfillment of technological potentials is a 
difficult task. It is hoped that the following two 
mission objectives will provide the guidelines to 
achievement. The United States should develop 
the technological base and capability. 

—Within 10 years to occupy the U.S. territorial 
sea, utilize the U.S. Continental Shelf and slope to 
depths of 2,000 feet, and explore the ocean depths 
to 20,000 feet. 

—Within 30 years to manage the U.S. Continental 
Shelf and slope to depths of 2,000 feet and utilize 
the ocean depths to 20,000 feet. 

The two objectives are interrelated. The first 
provides the improved understanding and capabil- 
ity basic to ocean systems development. The 
second, during the period 1980 to 2000, visualizes 
extensive use of new techniques on U.S. Conti- 
nental Shelf areas. In the deep oceans development 
of long-term operating capability will be stimu- 
lated by needs formulated from exploration. 

By the year 2000, colonies on the sea floor will 
be commonplace because industries will operate 
profitably at sea and people will be there to 
support them. It is not difficult to conceive of fish 
harvesting systems or perhaps open water aquacul- 
ture. Much of the offshore oil and gas industry will 
be operating completely submerged, and very 
possibly mining will have overcome ocean exploi- 
tation problems. Chemical processing plants nay 
well find deeper ocean conditions compatible with 
the needs of high pressure processes. 

Although it may be easy to overestimate 
near-term progress, it is equally easy to under- 
estimate the long term potential. By the year 
2000, the U.S. industry with the highest sales 
volume, employment, and earnings may well be 
one intimately associated with the oceans. 

Beyond the economic considerations of a com- 
mitment to the oceans, there are tremendous 
social, political, scientific, and military implica- 
tions for the 1980-2000 period. Water pollution 
can be checked; water quality restoration-initially 
in fresh water areas and later in coastal regions- 
will have a firm beginning. Although during this 
period the problem of thermal pollution will 
become fully apparent, technology will permit 



placement of heat generating operations at sea 
where adequate cooling capacity is available. Mov- 
ing large stationary power plants to sea will free 
high value urban land for other use. 

During this same period the knowledge will be 
acquired upon which to establish reasonable water 
quality standards satisfying both commercial and 
recreational interests. Beaches once closed because 
of pollution may be reopened, and coastal engi- 
neering technology will be available to restore 
damaged beaches, construct artificial islands, and 
otherwise enhance the usefulness of coastal lands. 

Improved technology will benefit greatly scien- 
tific effort, perhaps allowing basic discoveries to 
be made that will profoundly affect the future. 
The scientist will have convenient and economical 
access to entire oceans. 

Finally, the stage will be set for a new period of 
21st century seapower, a period characterized not 
only by a powerful Navy in the military sense, but 
an internationally strong and respected Nation. If 
the Nation accepts the challenge of this report, 
there will be established an increased opportunity 
to solve some of the difficult social problems of 
population, poverty, and malnutrition. The United 
States should lead in meeting the challenge of the 
undersea frontier. 

II. importance, urgency, and ration- 
ale FOR U.S. LEADERSHIP 

There is little question that mankind eventually 
will make massive use of the oceans for natural 
resources, transporta Lien, recreation, and national 
security. A well-conceived program is needed-a 
national program that is thoughtfully scheduled, 
carefully executed, and wisely balanced with 
other national interests. The rate at which man 
becomes economically involved with the oceans 
may be debated, but the need for his involvement 
is a certainty. The United States must learn 
to court the oceans, eliciting responses which 
reinforce the material, aesthetic, and social ends 
the Nation is striving to achieve. 

Offshore oil has demonstrated its viability. With 
initial success, the industry can look forward 
confidently, and an increasing industry contribu- 
tion to the economy can be expected. Although 
the world supply of mineral resources on land 
appears generally sufficient to the year 2000, 
leadtimes require an early start. Offshore explora- 
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tion and pilot production are required to delineate 
the more accessible reserves and to develop the 
technology base to meet accelerating needs. 

Gradually ocean industries collectively will gen- 
erate a larger and larger fraction of the gross 
national product and will help the United States 
maintain its competitive position in the world 
marketplace. It is easier and cheaper to maintain a 
position of leadership than to regain lost initiative. 

More intelligent stewardship of resources will 
be required as utilization of the oceans increases. 
This implies improved knowledge, best achieved 
through an aggressive basic marine science pro- 
gram. Improved scientific understanding of the 
oceans also is needed to support a continuing 
advance in technology, to make longer-term 
weather predictions, to realize food production 
potentials, and to determine future military useful- 
ness. Science has returned dividends in the past, 
and will in the future. 

Now is the time to reverse the trend of 
degradation of the environment. Beaches have 
been closed on Lake Erie; ocean beaches have been 
rendered useless by oil slicks; oyster beds have 
been condemned; and city water front areas have 
been blighted by raw sewage and chemicals 
dumped into harbors. Technology should be ex- 
tended so these problems can be solved economi- 
cally. 

The state-of-the-art is such that it is possible to 
consider a law requiring municipal and industrial 
intakes to be installed downstream from their 
outfalls, in effect putting the water user in the 
same position as others downstream. There is no 
reason why a user cannot return water of a quality 
equal to that which he takes from a stream. 

The world’s richest Nation need not live in its 
own filth, but should set an example by directly 
facing these problems rather than leaving greater 
problems to future generations. The technology 
should be developed to eliminate the economic 
penalty of waste treatment, making it possible for 
many activities to profit by reprocessing wastes 
into marketable products. This quantitative bene- 
fit would be in addition to the qualitative values 
of beauty, clean water, and recreation. 

The net effect of modem communication and 
transportation has been to deny the oceans their 
historic role as natural barriers. Interaction be- 
tween nations will increase as technology allows 



more ocean resources to be harvested economi- 
cally. 

A stable and predictable legal environment will 
be required. Technology should be considered in 
framing laws to ensure their enforceability and 
realistic applicability to prospective activities. The 
latter quality is particularly important because 
development and utilization of ocean resources 
involve major capital investment. 

In some cases, the most valuable assistance the 
United States can give less advanced nations is the 
technological knowhow to develop their own 
industry. Technology can be expanded to support 
profitable ocean exploitation and meaningful in- 
ternational scientific programs. 

National security is much more than classic 
military might— submarines, missiles, aircraft car- 
riers, and destroyers. In its broadest sense, it is the 
action a nation must take to maintain its position 
in world affairs. The United States does not and 
should not fulfill all its needs from resources 
within its boundaries. More than 98 per cent of 
U.S. international commerce is carried by ships. 
Control to assure free use of the seas is basic to 
national security. But such control of the sea is 
relative, not absolute, applying equally to friend 
and foe. 

Seapower is best built on a sound base of 
industrial and commercial ocean development, 
providing knowledge and trained manpower for 
times of military need. This emphasis would 
minimize Navy expenditures for in-house develop- 
ment, yet would provide a viable foundation for 
the future. The Navy must keep informed con- 
stantly of non-military ocean activity. Its develop- 
ment program should emphasize long range items 
necessary to national security, such as deep sub- 
mergence systems, which do not now attract a 
large amount of commercial activity. 

III. TRENDS INFLUENCING MARINE DEVEL- 
OPMENT 

The marine environment will become increas- 
ingly important, and national interest in and 
emphasis on the exploration and utilization of the 
undersea frontier will increase accordingly. Effec- 
tive planning of technology development must be 
based on estimates of future trends and needs 
induced by both natural and manmade influences. 
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Barring a major war, world requirements for such 
basics as water, food, housing, and energy can be 
estimated reasonably well to the year 2000. 

However, it is difficult to make long-range 
projections of such qualitative factors as consumer 
tastes, political and legal arrangements and eco- 
nomic progress. It is essentially today's technology 
that will be employed to meet such requirements 
during the next 10 years. Beyond that period 
planning becomes more difficult because of the 
unpredictability of technological advancements, 
especially re al breakthroughs. Yet, when national 
interests have dictated the need for both adequate 
funding and high priority emphasis, solutions to 
difficult technological problems have been more 
rapid than most conceptual planners visualized. 

Technology can provide a better way of life. A 
higher standard of living for a doubled world 
population in the year 2000 will require more than 
twice the power, fresh water, and raw materials 
consumed today. The material demands of higher 
living standards are vividly illustrated by the fact 
that the United Stages with five per cent of the 
world’s population consumes almost half the 
power and raw materials produced by the entire 
world. So that the United States cannot be 
accused of taking a disproportionate share of 
world resources, it is prudent to encourage devel- 
opment of technology for new offshore petio- 
leum, mineral, food, and other resources, in effect 
greatly expanding the world resource base. 

For the near term, national security will be the 
most compelling influence forcing advancement of 
marine technology. However, offshore petroleum 
expenditures are growing more rapidly than de- 
fense expenditures. A large portion of the effort 
will have both civilian and military application, 
su gg esting a need for strong cooperation between 
the two. 

The quest for wealth and profit will help 
advance marine technology- Advanced technology 
will provide the key to more economic utilization 
of the undersea environment. Such assets of the 
sea as buoyancy, sound transmission, and a limit- 
less heat sink will influence technological develop- 
ment. 

Technology development has allowed concur- 
rent achievement of a shorter work week and a 
higher standard of living. As this trend continues, 
Americans will earn higher disposable incomes and 



more leisure time. These will accelerate the need 
for additional coastal recreation areas. 

Impairment of activities by pollution will be- 
come more obvious and will motivate increased 
programs of abatement, enforcement, and restora- 
tion. Pollution, like inflation, goes relatively un- 
heeded for a time but has enormous long term 
implications. Before the end of the century, a 
significant amount of national energy must be 
directed to protecting and enhancing the environ- 
ment. 

Technological knowhow incorporated in most 
U.S. products gives the United States a great 
advantage in the world market. To retain this 
advantage the United States must commit itself to 
the development of the technology needed to 
open the undersea frontier as a new source of 
products and ^naterials. 

IV. INTERRELATIONSHIPS AMONG PARTIC- 
ULAR SEGMENTS 

Technology development must be accomplished 
in a realistic environment subject to economic, 
social, political, scientific, international, and mili- 
tary pressures. Decisions on program activity 
should be preceded by objective discussions care- 
fully weighing technical and policy features. Im- 
portant areas of interrelationship have been iden- 
tified among economic segments: (1) government - 
industry - academic, (2) civilian - military, and (3) 
relationships among nations. 

A. Government— Industry— Academic 

Government’s traditional role in industrial de- 
velopment has been to provide protection for 
business investments and information of a scien- 
tific or technical nature. The State Department, 
Department of Defense, U.S. Coast Guard, Depart- 
ment of the Interior, and the U.S. Patent Office 
provide protection for marine industries in many 
forms: physical survey data pertinent to mineral 
deposits, general environmental information, and 
statistical data. 

Protection of business investments is of particu- 
lar concern to those industries interested in ex- 
ploiting the continental shelves. Because explora- 
tion and survey information must precede 
exploitation of the shelves, broad surveys of the 



79 1 




lelves must be given high priority in any national 
cean program- Legal rights of industries operating 
n the continental shelves are particularly vague, 
onflicts over jurisdiction among individuals, 
tates, and the U.S. Government and between the 
rnited States and foreign nations over sovereignty 
n the shelf have created a climate of legal 
ncertainty hindering private investment and tech- 
ological development. 

Various agencies of the U.S. Government have 
rograms in ocean research and development- In 
articular the Navy has recently increased its 
fforts through establishment of the Deep Submer- 
ence Systems Project and the Deep Ocean Tech- 
ology Program. The Sea Grant Program, under 
/ay in 1968, is expanding Federal Government 
upport of applied marine sciences. 

The present relationship among the govern- 
ment, industry, and academic world in marine 
urograms needs strengthening- Expanding interests 
f industry in the ocean environment and the 
importance of these interests to the economic 
/ell-being of the United States argue for a strong 
Lon-military Government ocean services program 
nd a guarantee of offshore protection. Govem- 
aent-sponsored technology development efforts 
hould emphasize improved and less costly 
nethods, thereby enabling ocean industries to 
)perate profitably and also provide increased tax 
evenues. 

Fundamental technology development cannot 
>e effective without close coordination with the 
ndustrial and academic sectors. A continuing 
nechanism should be established through which 
he industrial, financial, and academic commu- 
lities readily can advise on marine science, engi- 
leering, and technology. Advice is needed in 
undamental technology, facilities, manpower, and 
rational goals and projects. More specifically, a 
relationship similar to that which existed between 
he National Advisory Committee for Aeronautics 
NACA) and its advisory panels would be de- 
arable. 

5. Civilian— Military 

Effective civilian-military interchange of tech- 
nology is obviously useful to both parties. Inde- 
pendent research and development programs con- 
ducted by defense contractors normally have two 
objectives: (1) keeping a company’s products and 



components technically advanced to maintain a 
competitive position and (2) applying technical 
skills and experience to solving known military 
problems- Military technology developments often 
are applicable to civilian endeavors. 

Often a simple solution to a technical problem 
can open the door to major systems applications. 
However, because of security classification, ad- 
vances in the state-of-the-art can be withheld from 
other potential users. Overclassification unneces- 
sarily slows communications and can cause unin- 
tentional duplication of effort when civilian indus- 
try is not apprised of military developments. 

Devising means of transferring technology and 
bringing about utilization of that technology for 
purposes other than those for which it was 
developed have become activities of national im- 
portance requiring continued high level attention. 
The transfer problem can occur within either the 
civilian or military sector as well as between them. 

Research and development in the marine sci- 
ences constitutes a rapidly increasing and relatively 
unexploited resource. Effective transfer of tech- 
nology can increase the rate of economic growth, 
create new employment opportunities, and aid the 
international competitive position of American 
industry. 

Furthermore, technology is a tool that the 
United States can use to aid other nations striving 
to improve their standards of living- Ocean tech- 
nology is particularly suitable to technology trans- 
fer., -First, marine activities axe global in perspec- 
tive and application. The Gulf Stream that washes 
Florida shores eventually influences the climate 
and ecology of England, Norway, and the North 
Sea. Second, marine problems are relatively new to 
the community of advanced science and engineer- 
ing, and few institutional barriers have been 
erected. 

Traditional means of transferring technology 
include the movement of knowledgeable people 
and technical literature coupled with the normal 
activities of libraries, technical journals, profes- 
sional symposiums, corporations, and govern- 
ments. These are key activities, but because of the 
extreme technical diversity of the oceans and the 
large numbers of present and potential users of 
marine data, more is needed. It is necessary to 
construct and implement channels of distribution 
and methods of retrieval of these technical data, 
particularly from government to industrial users. 
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A special problem exists with small business 
which historically has had difficulty obtaining 
security clearances and need-to-know on classified 
programs. Small companies often lack general 
knowledge of information sources of the Federal 
Government. Progressive companies prepare unso- 
licited proposals to demonstrate their expertise. 
However, unless industry is aware of project needs, 
time and money may be wasted in submitting 
proposals for duplicative efforts. 

The U.S. Government role in technology trans- 
fer must be based on (1) a positive policy that the 
release of marine science and technology is a 
legitimate function and (2) an implementation of 
the policy in the agencies concerned with funda- 
mental technology, ocean exploration and survey, 
and ocean services. For example, the National 
Aeronautics and Space Administration has accom- 
plished the transfer of technical data by establish- 
ing technology utilization officers at its various 
activities, placing responsibility in an identifiable 
office or individual. However, great care must be 
taken in the treatment of patentable data to assure 
an incentive through ownership for the developer 
who risks funds in furthering his invention. 

The Navy role in dissemination of technical 
data is particularly important because of the 
magnitude of its ocean research and development 
program. It should be recognized that there are 
penalties to both under- and over-classification. 
What is most needed is a consistent classification 
policy directed toward optimizing the technical 
and military superiority of the United States. 
Since only the Navy can judge the implications of 
its data, it must carry out this function with the 
utmost care. 

C. Relationships Among Nations 

From the earliest times the oceans have sup- 
ported bonds of commerce and culture. However, 
historic relationships are changing, accelerated by 
advances in marine technology, enabling nations to 
conduct activities farther from home and in deeper 
water. Multinational communication is necessary 
to the beneficial utilization of the sea because of 
the international character of marine science, the 
sheer magnitude of the unexplored undersea fron- 
tier, and the free use tradition of open ocean areas. 
The size, complexity, and variability of the marine 
environment emphasize the importance of interna- 
tional cooperation. 



As a basis for harmonious international marine 
exploration and resource development, certain 
premises should underlie national policies and 
programs. Excellence, experience, and capabilities 
in marine science and technology exist in several 
nations and cooperation can be beneficial to the 
United States. 

In the development of ocean resources, major 
capital investments must be protected. Uncertain- 
ties in interpretation and application of existing 
international law may result in conflicts between 
nations, particularly with regard to the width of 
territorial seas, rights of innocent passage, and the 
exploitation of ocean resources. A legal framework 
is required to prevent conflicts and to preserve the 
traditional freedom of the sea. 

U.S. marine technology developments should 
consider both international competition and coop- 
eration. Where consistent with the national inter- 
est, programs should encourage increased coopera- 
tion and data exchange among ocean scientists and 
engineers of all nations. The U.S. should consider 
advanced marine technology as a prime export 
product and as a foreign aid tool to assist 
developing countries to strengthen their capabili- 
ties for using the ocean and its resources as a 
means to economic progress. The International 
Panel proposes an international framework for 
ocean exploration in its report. 

V. TECHNICAL INTERRELATIONSHIPS 

In addition to economic, social, political, inter- 
national, and military pressures, interrelated tech- 
nical areas also influence marine technology devel- 
opment. Included are those among science, 
engineering, and technology and those between 
outerspace and hydrospace development. 

A. Science— Engineering— Technology 

Using modem technology, man can explore and 
understand increasingly greater portions of the 
marine environment. Improvements in technology 
lead to an ability to monitor, measure, and predict 
environmental phenomena more accurately. De- 
signs for and operations of such complex undersea 
military systems as those employed in an anti- 
submarine warfare and undersea command and 
control are dominated by acoustical conditions. In 
fact, almost all undersea activities are heavily 
influenced by environmental considerations. 
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A great scientific effort is needed. There should 
be close interaction of the scientist with the 
engineer to facilitate the effort. The overall devel- 
opment of marine science has suffered from the 
lack of communication between the two, and the 
present relative paucity of knowledge stems in 
large measure from the past lack of adequate 
equipment. Essential in studying or exploiting the 
ocean for any purpose are the necessary tools. 
Despite the need for improved marine engineering 
and technology support, engineering institutions 
have not emphasized problems of the oceans. 

Oceanographic research operations are costly in 
terms of manpower, especially considering the 
limited number of oceanographers. In 1966, the 
United States graduated only 24 doctorate level 
oceanographers compared to 100 for the Soviets. 
Since manpower resources are limited, improved 
tools and equipment should be emphasized. Both 
parties, the scientist and engineer, are responsible 
for better cooperation in the future. 

Insufficient funds allocated to scientific proj- 
ects have generally made impossible improved 
engineering support. It is probable that the scien- 
tist will demand the better tools and equipment 
technology can provide. This is underscored by the 
fact that scientists at the Woods Hole Oceano- 
graphic Institution waited in an almost endless line 
to use the^47vz>z submersible. 

The science-engineering interaction also works 
the other way. Although Sir John Baker may have 
been correct when he said, “Science earns no 
dividends until it has been through the mills of 
technology,” development of new technology of- 
ten waits for scientific breakthroughs. For ex- 
ample, aquaculture will benefit from scientific 
advances in fish genetics. Deep sea nodule mining 
will benefit from understanding the ocean mineral 
precipitation process. 

B. Outerspace— Hydrospace 

Much has been said about the fallout of space 
technology applicable to the ocean environment. 
Meteorological satellites continuously observing 
global weather patterns obtain critical forecasting 
data from unpopulated oceanic regions. Communi- 
cations satellites have spanned vast ocean areas. 

Unfortunately, observations are limited to 
ocean surface features. The totally different sub- 
surface environment usually means totally new 



solutions to problems. Aerospace talents and 
philosophy of approach can and are being applied 
to ocean problems, especially in fundamental 
technology, systems engineering, and systems man- 
agement. Although many problems such as navi- 
gation and communication have technical similari- 
ties, actual hardware solutions are often very 
different. 

Operational designs cannot be assessed without 
environmental data. Instrumentation, sensor, re- 
cording, storing, and processing systems are essen- 
tial for environmental profiling. For example, 
determining effects of marine life on acoustical 
properties requires special marine test equipment. 
Bottom bearing strength, shear and plastic flow 
strength, core samples, turbidity susceptibility, 
bottom stability, and seismic activity data are 
needed to establish design criteria. Space instru- 
mentation cannot serve these needs. Also, space 
simulation facilities which emphasize low pressures 
have little application to the high pressure needs of 
hydrospace. 

Aerospace power source needs have, brought 
fuel cells out of the research laboratory and 
transformed them into practical devices. They 
have advanced considerably the state-of-the-art 
and have provided impetus to the fuel cell industry 
for lower cost construction, standard sizes, and 
mass production techniques. These advancements 
have provided a technological base from which 
development of undersea power systems can pro- 
ceed at a greatly reduced cost. However, special- 
ized development is still necessary to adapt this 
basic development to the marine environment. 

Aerospace technology has contributed struc- 
tural design techniques, high strength-to-weight 
metals, and composite structures. This technology 
has been applied to design and fabrication of 
submersible pressure hulls and hard tanks, outer 
hull or fairing structures, and flotation spheres. 
Advanced pressure hull design entails the use of 
detail stress analysis, shell buckling theory, and 
experimental stress analysis techniques largely 
developed in the aerospace industry. Rocket 
motor technology involving flaw detection, alloy- 
ing, and processing of materials has been used in 
development work for deep submersibles. 

Titanium is an example of a high-strength metal 
developed by the aerospace industry, but it re- 
quires substantial modification before application 
to deep ocean vehicles. Space technology has not 
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concerned itself with the unique ocean needs of 
resistance to stress corrosion and crack propaga- 
tion. Fabrication and welding techniques for thick 
sections, critical to deep submergence programs, 
have not been an aerospace requirement. 

Deep ocean vehicles are limited in pressure hull 
volume, requiring many electrical components 
mounted externally. Those retained inside the 
pressure hull must conform to strict requirements 
on heat generation, size, weight, and electro- 
magnetic interference. Aerospace technology in 
the areas of solid-state devices and switches, 
miniaturization and packaging design, circuit de- 
sign, and reduction of interference effects is 
applicable to ocean vehicle problems. However, 
space technology does not provide answers to such 
electrical system requirements as penetration of 
pressure. hulls and water-tight electrical connectors. 

Frequently, aerospace-developed hydraulic 
pumps, motors, and valves have been utilized 
directly off-the-shelf, but usually these have been 
unreliable in the undersea environment. Aerospace 
technology has led to advances in viscosity index, 
oxidation and corrosion inhibition, long term 
storage, and high and low temperature characteris- 
tics bearing on the successful application of 
hydraulics to marine systems. However, there are 
no hydraulic systems or qualified hydraulic fluids 
currently functioning at high pressures up to the 
16,500 psi required for deep ocean systems. 

Reliable communications is critical to effective 
diver and submersible operations. Unlike radio and 
telemetry methods and equipment available world- 
wide for surface communications, undersea op- 
erations depend upon acoustics and cables as the 
primary means of information transfer. Under- 
water sound transmission suffers from refraction, 
attenuation, and limitations of spectral range. 

For rendezvous and mating of submerged vehi- 
cles, six degrees of freedom are involved, just as for 
a Gemini-Agena docking. However, an additional 
complication under water is variable ocean cur- 
rents. Controllers have been developed from les- 
sons learned in aircraft and spacecraft to provide 
submersible pilots with controls for rotation in 
pitch, roll, and yaw and translation in surge, sway, 
and heave. Aerospace technology has led to the 
use of a modified computer and a modified inertial 



guidance system from the Polaris program in the 
Deep Submergence Rescue Vehicle. 

A parallel is readily apparent between space and 
undersea life support requirements. Work in sub- 
marine non-regenerable life support systems served 
as the basis for the original systems for spacecraft, 
resulting in advanced non-regenerable systems. 
This knowledge is now being used to provide 
sophisticated life support systems for small deep 
submersible s with comparable volume and power 
limitations. 

Space technology can contribute little to the 
special certification requirements and procedures 
needed for undersea vehicle pressure hull mate- 
rials, hard tank structure, penetration fittings, and 
piping. However, common safety requirements 
exist for crew protection from toxic fumes, fire, 
smoke, and atmospheric contaminants. 

Indeed, aerospace technology has been useful in 
solving ocean systems problems. However, the 
degree of applicability should not be over stressed 
since x>nce the undersea environment is penetrated, 
new technological solutions are usually needed. 



VI. INFLUENCE OF TECHNOLOGY ON THE 
LAW OF THE SEA 

Although the trends and relationships discussed 
above will affect technology development, prob- 
ably the reverse will be true in the law of the sea. 
Society tends to move as an organic whole and the 
advancement of technology is inevitable. 

Laws must be tailored to the needs of society 
and to the technology which is integral to their 
enforcement. The technology of the sea will 
undergo drastic change and that change has barely 
begun. Saturation diving, submersible vehicles, and 
undersea habitation will become commonplace. 
The essence of the change will be the replacement 
of present ocean surface technology with totally 
submerged technology. 

There will be critical problems to solve, but 
when they are solved, the ability to work in the 
subsea environment will become increasingly easy. 

In the undersea area, law must respond to a 
rapidly developing technology. The law will be 
greatly challenged to keep pace. 
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Chapter 4 Organization 




The following ideas on organization represent 
the input to the Commission from its Panel on 
Marine Engineering and Technology. An effort has 
been made to emphasize only comments that 
relate to the organizational needs to promote and 
encourage progress in marine engineering and 
technology. However, it is recognized that several 
thoughts would affect much broader areas of 
future marine programs. 

L NATIONAL PERSPECTIVE 

Overall national management of ocean resource 
development and the related supporting marine 
engineering and technology need strengthening. 
Because of the decentralized character of ocean 
activities, the important contributions of the 
States and regions, private enterprise, and the 
academic community must be recognized. These 
complement the well-established role of the U.S. 
Government. 

To date major Government contributions in 
marine engineering and technology have come 
from the Navy, chiefly because of its requirements 
for knowledge and skills associated with the 
oceans. However, the past two decades have seen 
efforts of the private sector, led m this area by 
the petroleum industry, expand such that their 
expenditures are greatly in excess of non-military 
Government efforts. 

The need for national participation as opposed 
to a predominantly Government approach to 
marine programs became clearly apparent during 
the panel’s investigations. The States and regions, 
private enterprise, the academic community, and 
the U.S. Government all have vital roles to play. 
These roles can be responsive and coordinated 
only if they are provided with a* means for 
cooperative long-range planning and National guid- 
ance. 

II. NATIONAL ORGANIZATIONAL STRUC- 
TURE 

A. General 

With the diverse scope of national activities in 
the ocean it is unwise and impractical to consoli- 



date all U.S. Government activities associated with 
the oceans into one organization. Rather, it is 
necessary to take advantage of the competence 
that presently exists and to selectively cluster 
where appropriate to provide additional strength. 
Regardless of the amount of clustering, the Navy 
should remain separate to support its military 
obligations. In the civilian sector several organiza- 
tions have limited interests in the ocean and 
therefore could not fit logically into a single 
civilian marine agency. 

The- panel feels two basic principles must be 
satisfied to respond to the diverse character of 
marine activities and the critical need for advanced 
technology to support future activities. First, a 
mechanism must be established to provide national 
perspective and guidance to the Nation’s engineer- 
ing and technology efforts. Second, recognition 
must be made of the necessity of continual 
additions to fundamental technology. This latter 
principle leads to the importance of assuring that 
funds to support fundamental technology develop- 
ment are adequately distinguished from agency 
general operating funds so that a steady and 
continuing fundamental technology program can 
be assured without interruption. 

B. National Advisory Committee for the Oceans 

(NACO) 

It is essential that a mechanism be established 
that can ensure orderly development and execution 
of a national ocean program. Such a mechanism 
should be responsible for providing advice on the 
pla nnin g and coordination of a national program 
including ocean science, technology, environ- 
mental services, and ocean resource development. 
It would be concerned with the marine programs 
of all U.S. Government agencies, States and 
regions, private enterprise, and the academic com- 
munity and would provide a continuing statutory 
means for furnishing a representative input from 
all sectors. Specifically, the panel recommends a 
National Advisory Committee for the Oceans. 
Regardless of action taken to consolidate Federal 
Government agencies, this committee is needed. 
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1. Functions 

The panel believes the committee could most 
usefully focus its advice in such areas as the 
following: 

—Review and advise on updating the 10-year 
objectives of national ocean programs. 

-Assess current levels of activity in terms of ac- 
comphshing the 10-year objectives. 

—Identify deficiencies and recommend assignment 
of responsibilities to rectify them. 

-Recommend means to eliminate unintentional 
duplication of effort. 

—Review and offer a national perspective to the 
plans and budget requests of the U.S. Government 
agencies by taking into account efforts outside the 
Government. 

—Recommend lead agencies for marine programs 
having multi-agency interests, and recommend 
whether specific marine programs can best be 
undertaken by the Navy, by the new consolidation 
of appropriate existing agencies, or by an agency 
not included in the civilian consolidation. 

—Offer guidance and recommend important new 
ocean programs and facilities for the overall 
national program, making effective use of the 
competence of both private and Government 
organizations. 

—Promote means for collecting, processing, and 
disseminating pertinent technical information. 

—Recommend an adequate level of programs and 
facilities for marine education and training. 

—Anticipate, focus attention on, discuss, and 
recommend the resolution oi multiple-user con- 
flicts. 

— Respond to requests for advice from the Presi- 
dent and U.S. Government agencies with marine 
activities. 

—Help to ensure that the national program has 
proper and continual visibility to State and munic- 
ipal governments, private enterprise, the academic 
community, and especially to the Congress and the 
public. 



—Serve, when appropriate, as a channel of com- 
munications and a focal point in the plans and 
arrangements for international programs. 

—Submit to the President and the Congress an 
assessment of the national ocean program, includ- 
ing a review of the activities of the oceanic agency. 
The report is to be made at intervals not less 
frequently than every two years. 

—Generate pertinent activities on its own consist- 
ent with its overall responsibilities. 

As can be seen from the above list, a primary 
function of this organization would be to advise 
(1) the new oceanic agency, (2) the Navy, (3) the 
Army Corps of Engineers, and (4) other U.S. 
Government agencies with marine interests. Advice 
should be provided on such matters as funda- 
mental technology, facilities, manpower. National 
Projects, scientific investigations, and oceano- 
graphic operations. The unique feature of the 
committee will be the ease of reciprocal informa- 
tion transfer among the U.S. Government, States 
and regions, private enterprise, and academic 
institutions. 

2. Membership 

It is recommended that this advisory committee 
consist of 15 official members representing private 
enterprise, the States and regions, and the aca- 
demic community. The chairman should be selected 
from outside the U.S. Government. In addition to 
the 15 official members, U.S. Government repre- 
sentatives should be designated official observers. 
This would assure that the committee was aware of 
the programs and problems of the U.S. Government 
marine agencies. All members would be appointed 
by the President with the advice and consent of 
the Senate and would serve fixed overlapping 
terms. This committee would be supported by a 
full-time executive director and appropriate staff. 

The members from industry should be drawn 
primarily from the users of the sea such as those 
engaged in the transportation, petroleum, fishing, 
mining, de salin ation, and recreation industries. 
Those industries that supply hardware and services 
also should be represented. 

The State and region members should be drawn 
from the Pacific, Atlantic, Gulf Coast, and the 
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Great Lakes areas. The members from the aca- 
demic community should be drawn from universi- 
ties with ocean programs. The U.S. Government 
members shouid be chosen to represent its diverse 
marine interests. 

3. Structure 

The advisory committee should be supple- 
mented by as many subcommittees or panels as 
might be required to deal with specific topics or 
areas of national concern requiring specialized 
knowledge. It is recommended that the parent 
committee form an executive board comprised of 
the chairman, and one member from each of the 
four groups— industry, U.S. Government, States 
and regions, and the academic community— to 
expedite operations between the formal full com- 
mittee meetings. 

The advisory committee should be established 
by statute and provided with funds for its admini- 
strative operations and for accomplishing the 
functions listed above. 

The panel considers the formation of this 
committee a critical requirement. The recommen- 
dation is intended to enlist a cooperative relation- 
ship between all sectors of the economy and is 
characteristic of programs utilized in opening new 
frontiers. Indeed, it is intended to include key 
characteristics of the historic programs so success- 
ful in developing the American railroad, agricul- 
ture, and aircraft industries. 

111. U.S. government organizational 
STRUCTURE 

A. General 

To ensure optimum and continuing contribu- 
tions from the U.S. Government to the develop- 
ment of a national program, a stronger non- 
military input is needed. A new marine program 
would be advanced and strengthened, if it could 
build upon a consolidation of those appropriate 
existing agencies with primary missions and tasks 
in the ocean. TMs consolidation would support the 
very important new civilian technology develop- 
ment group and would complement the Navy deep 
submergence and ocean engineering programs. In 
many cases the existing competence, facilities, and 
experience of the Navy should be drawn upon to 
support missions of national importance. 



B. New Civilian Ocean Agency 

A new, adequately funded civilian oceanic 
agency should be established within the U.S. 
Government to concentrate in one agency appro- 
priate civilian groups with primary roles and 
missions in the oceans. 

A new civilian technology development group 
should be created within the agency to support 
fundamental technology. The fundamental tech- 
nology program should be managed by this new 
marine technology group and should utilize when 
appropriate the resources and facilities of existing 
agencies and the private sector. 

C. Interagency Coordinating Mechanism 

To complement and support the efforts of the 
agency and NACO and to recognize the fact that 
many marine activities would still be located 
outside any consolidation, it is recommended that 
an interagency coordinating mechanism be estab- 
lished and chaired by the head of the new civilian 
agency. This mechanism would ensure the inclu- 
sion of the interests of all Federal agencies with 
marine programs not included in the proposed 
consolidation. 

D. Navy Role 

The Navy is in a position to contribute greatly 
to advanced marine engineering and technology 
related to a national ocean program. It is recom- 
mended that the Navy be given an expanded role 
recognizing the support it can provide to the 
national program in areas closely related to its 
competence, facilities, and experience. 

Even with an increasing involvement of non- 
military users, the Navy is the logical organization 
to support many of the overall national needs of 
marine engineering and technology. The following 
statements of high ranking leaders of the Depart- 
ment of Defense and the Office of the Secretary of 
the Navy reinforce this conclusion: 

If national oceanographic objectives require it, the 
Department of Defense is willing to request funds 
from Congress for work only marginally related to 
defense needs , but for which the Department of 
Defense is in the best position to manage because 
of technical skills , facilities ; or organization. The 
direction for utilization of these funds could come 
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from a non-Department of Defense organization if 
this is judged to be the best course . 1 
The Navy is proud of the role it played in leading 
the revolution in oceanography and of the indis- 
pensable support it has given so many of the 
programs directed by other federal and private 
agencies. The Navy believes that a vigorous , well 
defined, and multifaceted oceanographic program 
is clearly in the national interest. It, therefore, is 
prepared and expects to participate in all areas 
where Navy experience and facilities may be of 
value to the nation . 2 

In my mind these programs (undersea technology 
programs) can best be described as the develop- 
ment of technology leading toward the occupation 
and exploitation of the ocean bottom and the 
deep ocean. Although our primary objectives are 
military exploitation , the technological knowhow 
developed by these programs is identical for all 
types of exploitation . 3 

The above statements were used to guide the 
Navy Deep Submergence/Ocean Engineering Pro- 
gram Planning Group. This group recommended a 
substantial increase in the Navy undersea efforts. 
It is also apparent that a more fully responsive 
Navy contribution to the national effort in the 
oceans requires: 

—Establishment within the Department of Defense 
of a strong primary military mission in undersea 
technology to meet present and future threats. 

—A clearly-stated Navy mission to support na- 
tional marine programs which will evoke the 
support of the Congress, responsible civilian lead- 
ers, and the general public. 

-A recognition of the contribution which can be 
made by the use of Navy capabilities in inter- 
national, economic, political, scientific, and tech- 
nological fields. 

-A definition of security requirements that will 
enable the civilian sector to derive maximum 



1 Statement of the Honorable John S. Foster, Jr., Di- 
rector of Defense Research and Engineering, Feb. 24, 
1967. 

2 Statement of the Honorable Paul R. Ignatius, Secre- 
tary of the Navy, to the Navy League Convention, 
Honolulu, April 26, 1968. 

3 Statement of the Honorable Robert H B Baldwm, 

Under Secretary of the Navy, at the Fourth U.S. Navy 
Symposium on Military Oceanography, Washington, D.C, 
May 11, 1967. 



advantage of Navy programs in technology with 
realistic concern for national security needs. 

Therefore, to capitalize on the assets of the 
Navy, selected national missions should be as- 
signed and adequate funds should be allocated to 
the Navy. 

IV. FOCAL POINT IN THE LEGISLATIVE 

branch 

The U.S. Government’s ocean program is within 
the scope of numerous committees and subcom- 
mittees of the Congress , 4 each concerned with a 
portion of the oceanographic program. Thus, 
oceanography and ocean engineering have lacked a 
clear cut channel of effective communication with 
the Congress. Many committees of the Congress 
receive fragmentary information on the ocean 
program, usually small parts of the presentations 
of the many^depaxtments and agencies having 
some ocean responsibilities and missions in addi- 
tion to other large responsibilities. 

The situation is even worse regarding Congres- 
sional consideration of ocean appropriations. 
Ocean appropriations are a very small part of 
Defense, Commerce, Interior, AEC, and other 
department budget requirements. Usually, no spec- 
ific ocean program is presented to the Appropria- 
tions Committee, but when it is, the description is 
disjointed. 

The unsatisfactory Congressional overviews of 
the ocean program probably will become worse 
unless changes are made. It is necessary to create a 
Congressional committee or a Joint House-Senate 
Committee for Marine Affairs to hear the entire 
national program— including the parts of the 
States, industry, and the academic community --as 
well as the total U.S. Government program with 
emphasis on its role in the national program. The 
Congress should be asked to authorize the Govern- 
ment program and endorse the total national 
program. Presentations should be made to a new 
oceanic sub-committee of the House Appropria- 
tions Committee. 

The reports and advice made available by the 
proposed National Advisory Committee for the 
Oceans should assist in the development of a 
clearer focus in the Congress. 



4 For de tails , see chart between pages 32 and 33 of 
hearings of House Subcommittee on Demography- 
National Oceanographic Program, 1965, Serial No. 82 83. 
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Chapter 5 Multipurpose Technology 



Seapower, defined by Admiral Mahan many 
years ago, encompasses all elements contributing 
to national strength— natural resources, industrial 
capacity, manpower, economic power, geographic 
situation, and cultural status. These many dimen- 
sions serve a nation in both peace and war. 

The United States stands on the threshold of a 
rekindled interest in the oceans. A new age of 
seapower, important to the United States and the 
world, can be achieved by technological readiness 
to utilize the sea. 

-Cultural status. National prestige is an image of 
strength or lack of it in the eyes of other nations. 
This is of major concern, because (1) no nation 
wants to be a loser, (2) as a nation’s prestige falls, 
other nations begin to suspect it of weakness, (3) 
other nations do not want to be associated with a 
loser, and (4) as other nations progressively with- 
draw their adherence and support, the trend 
toward becoming a loser accelerates. This is a 
vicious circle— strength begets strength and weak- 
ness, weakness. 

A nation’s prestige or cultural status adheres 
closely to the vigor of its research and technologi- 
cal activities. The world community is well aware 
that today’s scientific and technological strength is 
the direct source of tomorrow’s economic and 
military strength. Space activities have illustrated 
this truth. However, activities in the marine 
environment inherently promise far greater eco- 
nomic, military, and prestige rewards than in 
space. A great nation ignoring this runs the grave 
risk of falling into weakness. 

—The geographic situation. Over 70 per cent of the 
earth is covered by water. The last major dry land 
frontier was discovered in 1492, when the world 
population was 350 million. Today with 10 times 
the population, the world is forced to turn again 
to the sea for new sources of food, minerals, and 
energy. 

In the undersea frontier, many nations with 
widely divergent geographies, needs, and techno- 
logical capabilities are involved. Achieving the 



technology to occupy new territory and modify 
world geography would give a nation the potential 
to make valid and defensible claims with an 
excellent position to counter claims by those not 
having the technology. A technology base must be 
established for the United States to enter the 
undersea frontier. 

—Economic power. New technology determines 
which country will be the world source of various 
products. U.S. domination of the world aircraft 
and computer markets is an excellent example; 
Japanese strength in fishing and shipbuilding is 
another. New industries have been created in a 
short time by such technological breakthroughs as 
xerography, polaroid photography, solid state elec- 
tronics, offshore drilling, and desalination. Tech- 
nology and the economics of production and 
exploration are inseparably linked. A strong tech- 
nology base will likely lead to new marine 
industries. 

— Manpower : An improved technology requires the 
continual upgrading of the manpower necessary to 
fabricate, operate, and maintain the systems utiliz- 
ing the undersea frontier. Manpower of various 
skills and interests will be required. Some will find 
employment in the actual marine environment* 
while many more will provide critically needed 
support functions that can be accomplished only 
on the land. The requisite manpower with the 
tools and equipment provided by technology will 
rapidly alter the ocean from an area of dreams to a 
site of action. 

—Industrial capacity . Volume production can work 
wonders in reducing costs. American industrial 
capacity has met great challenges. A highly refined 
automobile can be bought for less than $2,500. 
Should it not be possible to build a class of ex- 
ploration vehicles with 20 horsepower propulsion 
systems, life support, and unsophisticated com- 
munication electronics for $50,000 each? 

-Natural Resources. Low-cost underwater vehicles 
could open a prospecting era eclipsing the 
California gold rush. Exploring and mapping the 
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sea bottom might be accomplished in much less 
time than now thought necessary. Support of a 
technology base for low-cost, reliable systems 
development could hasten the exploitation of the 
natural resources in the undersea frontier. 

— Technology plateau. Much has been expressed in 
the popular press about a technological plateau. 
To the contrary, the panel agrees with the remarks 
by Dr. John S. Foster, Director of Defense Re- 
search and Engineering, before Congressional hear- 
ings in early 1968: 

There is no technological plateau now nor is one 
about to be created. We are convinced that 
research and exploratory development effort re- 
quires increased support during the next few years 
to ensure many options— a margin of safety— 
against any technological challenge 

Dr. Foster also warned against relying too heavily 
on technical forecasting instead of sound research 
and exploratory development. He noted that those 
predicting the future of science have usually been 
far too conservative. 

In the sections of Chapter 5 which follow, an 
assessment of the current situation and some ideas 
on future marine technology needs are presented. 
Recommendations are made at the end of each 
subdivision. In most cases, the recommendations 
are those the panel would like undertaken in the 
near future. Longer-term recommendations reflect 
judgments on potentially rewarding advanced tech- 
nology not necessarily required for today’s 
operations. 

The potentials discussed throughout this report 
are critically dependent on the discoveries and 
knowhow generated by ocean science and technol- 
ogy. A substantial investment to extend and 
consolidate this fundamental knowledge promises 
handsome rewards in terms of sufficient resources, 
enhanced economic vigor, improved strategic posi- 
tion, a better way of life, and a stronger national 
defense. All this is the promise— the threat is that 
it will be underestimated or overlooked. 

I. Fundamental Technology 

Step one in the capability development cycle 
for marine technology is base-building to establish 
the knowledge and means to explore and utilize 



the undersea frontier and improve the U.S. world 
competitive position. A solid program to advance 
fundamental technology is needed for developing 
elements and processes that can be combined into 
useful ocean components, subsystems, and sys- 
tems. 

While an excellent base already exists— so much 
so that the panel is convinced that the United 
States can achieve the goals set forth in this 
report— many categories require further develop- 
ment, a lesser number require extensive effort, and 
others require little advancement. This section 
concentrates on the most critical fundamental 
technology needs, to which the panel has assigned 
the following order of priority: 

—Survey equipment and instrumentation. The 
Nation’s most urgent needs in undersea develop- 
ment are for knowledge of the ocean’s living and 
non-living resources and the technology to de- 
termine quickly and efficiently their potential. 
What is generally available must be known before 
it is utilized, ignored, wasted, or deeded away. 

—Power sources. No single power source will meet 
all the power level and endurance requirements of 
undersea tasks. A variety of power sources is 
needed. 

-External machinery systems and equipment. 
Undersea technology will be abundantly rewarded 
by developing systems that can operate in the 
environment without the need for encapsulation. 

—Materials. Materials advancement can lead to 
large undersea payloads and more reliable ocean 
subsystems and components. 

—Navigation and communications. These are prime 
requisites to safe and successful operations on and 
in the oceans. 

— Tools. Improved diver and vehicle tools are 
required to do useful work in the oceans. 

-Mooring systems, buoys, and surface support 
platforms. Surface support is used for many 
undersea activities. Stable surface platforms and 
reliable long-life buoys must be developed. 

—Biomedicine and diving equipment. Man can 
operate in the sea safely and efficiently only if 
supported by a biomedical program detennining 



physiological limits, medical treatments, and mini- 
mum decompression times. 

—Environmental considerations. Environmental in- 
formation is critical to the design of reliable, 
efficient, and economic equipment for use in the 
oceans. 

— Data handling. Data are the product of scientific 
and exploration missions. Technology applied to 
marine data handling can vastly improve at-sea 
operations. 

— Life support. Extended underwater manned op- 
erations require advanced life support systems. 



A. Survey Equipment and Instrumentation 
1. Survey Equipment 

a_ Current Situation Survey functions required 
for undersea operations result from needs for (1) 
measurement and sampling of ocean and sub- 
bottom parameters for geophysical, chemical, and 
biological analysis, (2) knowledge of position, and 
(3) communication of data among undersea sta- 
tions, surface support locations, and onshore 
centers. 

The current approach to undersea mapping 
involves use of surface methods almost exclusively. 
Ocean surveying is limited in accuracy by the lack 
of precise long-range surface positioning systems. 
The advent of satellite positioning constitutes an 
improvement, but does not approach the accuracy 
required to perform undersea construction and 
geological evaluation surveys. 

The same type of basic reference systems 
provided by the usual geodetic methods on land- 
ultima tely of comparable accuracy— are required 
undersea for mapping ocean bottom and sub- 
bottom features and for recording the location of 
physical, chemical, and biological measurement 
taken in the water column. The technology of 
navigation and bathymetry, mapping magnetic and 
gravitational fields, and primary sub-bottom 
tectonics can be combined to synthesize regional 
geology. 

Technological aspects of ocean surveys cannot 
be considered separately from priorities and types 



of surveys whether they be scientific, industrial, or 
military— each having special requirements. This 
diversity plus the complexity, vastness, and general 
inaccessibility of the ocean volume make surveys, 
especially of the continental shelves and suspected 
anomalies, a first step toward undersea utilization. 

Bathymetric measurement systems have been 
improved markedly in accuracy, speed, and con- 
venience through advancements in echo sounding. 
For detailed studies in deep water, however, 
existing systems are not adequate. Measuring and 
recording profiles of the ocean bottom along 
selected courses traveled by the survey ship, plane, 
or satellite omits knowledge of intervening areas 
that can be compensated only by increasing the 
number of courses (survey lines). 

High endurance submersibles with side-scan 
sonar and short range echo sounders offer a 
method for detailed bathymetric mapping essen- 
tially independent of subsurface visibility and 
surface weather. Major obstacles are the lack of 
precise navigation and limited endurance and 
payload. 

Acoustic profiling with high energy sources, 
mechanical vibrators, air guns, gas exploders, 
electric arcs, and explosives can be used for deep 
reflection and refraction work. Detailed shallow 
water geology can be defined with high resolution 
profiling u tilizin g low energy sources. 

For several years, general surveys of limited 
ocean areas (as parts of the Gulf Stream) have 
been conducted from aircraft. Some data are being 
gathered on the sea surface now by weather 
satellites, and steps are being taken to establish 
global surveys of the ocean surface by satellite 
(Figure 1). Aircraft and satellite mounted cameras, 
infrared radiometers, microwave radiometers, and 
similar instruments are capable of gathering valu- 
able data on ocean surface temperature, sea state, 
ice conditions, current and water mass movements, 
schools and congregations of fish, phytoplankton 
blooms, water pollution, and other important 
processes. 

b. Future Needs The study of ocean processes 
and marine species on more than a very small scale 
will require the availability of data on an auto- 
matic or rapid retrieval basis. Ocean engineering 
efforts will profit greatly from the existence of 
rapid access to data on the environment. Predic- 
tions of fish production and migration to optimize 
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2. Instrumentation 

a* Current Situation The measurement of under- 
water physical, chemical, geological, and biological 
parameters is accomplished predominantly with 
devices lowered from surface craft or suspended 
from floating or submerged buoys (Figure 2). 
Such measurements are limited generally to basic 
parameters required to identify water masses and 
determine their movement or to provide gross 
identification of biological activity and nutrients. 
Limited measurements from submersibles have 
included stereophotography for topographic 
studies, temperature, salinity, and on-site sound 
velocity measurements in upper sediment layers. 




Figure 2. Meteorologic (left) and oceano- 
graphic (right) sensor packages of ODESSA 
system, which gathers data from unmanned 
buoys over wide ocean areas, (ESS A photo) 



Measurements by divers in the water mass have 
been limited to a few physical parameters, such as 
distance and temperature, requiring only such 
rudimentary devices as bulb thermometers, mag- 
netic compasses, and measuring sticks or cords. In 
situ measurements have been made of sediment 
shear strength. However, diver monitoring and 
manipulation of instruments lowered from surface 



craft have been an important aid to such measure- 
ments as sound velocity in sediments. 

Only chemical parameters of very general inter- 
est, such as salinity, pH, and dissolved oxygen have 
been measured with other than sophisticated 
laboratory instrumentation or methods of volu- 
metric analysis. Some application has been made 
of fluorescence, spectroscopy, radioactive tracers, 
and neutron activation analysis in tracing sediment 
and water movement. Little has been done to 
adapt instruments for analysis in geochemical 
surveying, pollution monitoring, nutrient assess- 
ment, and other ocean activities of growing inter- 
est and concern. 

Biological measurements are completely infer- 
ential, consisting of chemical and physical meas- 
urements that can be correlated with biological 
concentrations, movement, and activity. Biologi- 
cally important properties such as oxygen, total 
organics, salinity. Eh, and pH 1 plus the physically 
important parameters can be compared with bio- 
logical observations and bioacoustic measurements 
to predict response to environmental factors, 
productivity, and migration. 

New developments by the Atomic Energy 
Commission and the Navy include a deep water 
isotopic current analyzer, a nuclear sediment 
density probe, and an in situ oxygen analyzer. 

b. Future Needs New instrumentation is needed 
to study biological species, their distribution, 
feeding habits, reproduction, and migration as a 
function of chemical and physical parameters. In 
addition, assistance to the biologist in the acquisi- 
tion of field data can be provided through (1) 
development of automatic discrimination of acous- 
tic signals generated by marine species, (2) obser- 
vation of movement of species by acoustic net- 
works, (3) counting marine species migration 
through fish passes or other constrictions, and (4) 
other survey techniques. 

Submersibles should be particularly well 
adapted to on-site measurements of physical prop- 
erties of sea water and sediment. Sediment meas- 
urements are needed for basic design criteria for 
bottom emplacement, construction, tunneling, and 
laying of pipelines and cables as well as for 



1 Eh and pH are defined in the subsection on 
environmental considerations of this section. 
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resource surveys. Instruments and procedures for 
on-site measurement of engineering properties of 
sediments is needed. 

While great progress has been made in develop- 
ing instrumentation having digital capabilities, 
further progress is essential before long-range rapid 
ocean environmental surveillance becomes a 
reality. 

Much instrumentation available has been crit- 
icized as being unreliable and unsuited for service at 
sea. Instrumentation development will flourish to 
the extent of the commitment to utilize the sea— a 
commitment in part dependent on the state of 
undersea technology. 

It follows that initial efforts in opening the vast 
economic potentials of the ocean may be invested 
best in developing precise, rugged, seaworthy 
measuring instruments. Calibration and evaluation 
of new instrumentation is needed to provide the 
proof-testing leading to dependable use. 

3. Conclusions 

Increased knowledge of the oceans can be 
obtained through better survey equipment and 
mapping techniques. Technology and scientific 
study can provide information for proper explora- 
tion and development of ocean resources. New 
equipment is needed for precise measurement of 
the ocean environment both for single in-place 
measurements and for high-speed continuous 
measurements of variable water and sediment 
properties. 

Except where abrupt topographical changes 
occur or where a need for detailed studies in deep 
water exists, the accuracy of vertical dimension 
measurements by current systems is adequate for 
mapping. However, surveys are limited in speed 
and economy, partially due to the lack of rapid 
data collection and processing capability. 

Platforms, equipment, data systems, and such 
other tools of undersea technology as test range 
operations depend inherently on instrumentation 
capable of adequate performance and acceptable 
reliability. A primary deterrent to equipment 
development is the inadequacy of facilities for 
evaluation and calibration. 

Ocean simulators and laboratories to evaluate 
and calibrate equipment are not only scarce, but 
are not generally available to either manufacturers 
or users. Because of high capital costs, test 



facilities should be provided on a reimbursable 
basis to service the manufacturers and users of 
both military and non-military equipment. 

Properly operating survey equipment is critical 
to the exploration and development of ocean 
resources. Separate groups using similar equip- 
ments not calibrated to the same standards often 
obtain substantially different results. At present 
no mechanism exists whereby uniform standards 
of measurement can be established. Such standards 
are essential to efficient evaluation and analysis of 
data obtained under various conditions. 

Recommendations: 

Highest priority should be assigned to develop- 
ment of survey equipment for detailed mapping of 
bathymetric, geological, and ecological features; 
high-speed, wide-path width bottom scanning; and 
three dimensional plotting. Realtime 2 digital re- 
cording and processing systems adopted to oceanic 
instrumentation should be pursued. Improved 
equipment should be developed to perform high- 
speed surveys of (1) shape, thickness, and extent 
of sediment layers, (2) depth and shape of rock 
surfaces, and (3) spatial distribution of engineering 
properties of rock sediment layers. 

Technology should be advanced in (1) rapid 
at-sea analysis of chemicals in ocean and estuarine 
waters and in sediments for pollution monitoring, 
nutrient evaluation, corrosion control, and geo- 
chemical exploration, (2) on-site measurement of 
microgradients of salinity, pH, Eh, and water and 
sediment densities, and (3) magnetic and gravi- 
metric survey instruments for use at depths. 

Consideration should be given to observation, 
measurement, and sampling functions as integral 
components of a system including navigation, 
communications, observation platform, and han- 
dling equipment. 

Programs involving mapping, surveys, explora- 
tion, research, and preconstruction engineering 
functions will be most cost effective by applying a 
systems approach and automation. The ultimate 
goal should be to return to shore with data 
reduced, plotted, and ready for interpretation, or 
to relay realtime data via synchronous satellites to 
data processing centers ashore. 



2 Realtime refers to the capability to process data 
simultaneously with the event being observed, permitting 
conclusions to be drawn and corrective action to be 
implemented immediately. 
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Because of lack of facilities for equipment 
evaluation and calibration a coordinated program 
should be established Immediately whereby cali- 
bration services and development of essential 
standards and specifications can be made available 
to all users on a cost-reimbursement basis. 

To permit standardized development, fabrica- 
tion, and calibration of ocean instruments and 
sensors, studies should be undertaken to determine 
realistic accuracy requirements. 

B. Power Sources 

This nation must develop better undersea 
power sources. When submersibles with adequate 
endurance are developed, they need only submerge 
and surface in the sheltered waters of a harbor. 
This will provide great cost reduction for future 
submersible operations— the elimination of surface 
support. 

Within the foreseeable future undersea vehicles 
and habitats will be limited to the utilization of 
presently known and identified prime energy 
sources including (1) nuclear energy systems which 
require only occasional maintenance and refueling, 
(2) chemical energy systems replenished by sup- 
port ships, and (3) ship- or shore-generated electri- 
cal energy transmitted by cable. 

A portable undersea support laboratory at a 
depth of 2,000 feet and the continental slope or 
midocean ridge station at 8,000 feet with crews of 
15 to 25 and possibly 100 to 1,000 will require 
large amounts of energy, many thousands of 
kilowatts. When the laboratory is relatively near 
land, the energy can be generated best on shore 
and transmitted to the habitat through cables. 

For remote locations a self-contained undersea 
power system probably will be required. Submers- 
ible vehicles and underwater construction machin- 
ery will incorporate nuclear power systems or 
refuelable or rechargable chemical energy plants, 
because electrical cables impose serious entangle- 
ment and vulnerability hazards. 

Extensive work in the space program on the 
SNAP 2, SNAP 10, and SNAP 8 power systems 
(Space Nuclear Auxiliary Power developed for 2, 
500, and 30,000 watts) may find application in the 
undersea frontier. Reactors and conversion sys- 
tems that meet the initial power requirements of 
anticipated fixed bottom habitats and future deep 
submergence vehicles have been developed for 
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outer space. Considerable expenditures will be 
required, however, to redesign these systems for 
manned undersea applications. 

Divers usually will be able to obtain electrical 
energy through umbilical cords. But free- 
swimming saturated divers working appreciable 
distances from base will need reliable, high capa- 
city, portable energy packages. Power demands for 
tethered operations may extend upward to the 
multikilowatt range to fulfill life support, illumina- 
tion, work, environmental protection (especially 
suit heat), and other demands. 



1. Chemical Batteries 

a. Current Situation Deep submersibles have 
used lead-acid batteries as a primary energy source 
because of their low cost, established reliability, 
and adaptability to submerged operation. Silver- 
zinc batteries have been used in a few applications 
where improved performance was mandatory and 
increased cost acceptable. Bottom installations 
such as Sealab have relied on power generated on 
support ships or ashore. 

Small vehicles with limited mission require- 
ments employ batteries because of their relatively 
low cost, although payload is reduced by battery 
weight. Because neutral buoyancy must be main- 
tained, the low overall energy availability per 
pound of battery system limits greatly the endur- 
ance of most vehicles. Weight-to-energy ratios 
range from 75 to 125 and 25 to 40 pounds per 
kilowatt hour for installed lead-acid and silver-zinc 
batteries, respectively. 



b. Future Needs Use of new battery reactants 
such as fluorine may offer a two-to-thre e-fold 
improvement in weight-to-energy ratios, but the 
projected costs of such developments are high. 
Further, the weight-to-energy ratios will be chal- 
lenged seriously by improved fuel cells and ther- 
mal conversion systems. Battery development 
should concentrate on adapting to undersea use 
such other known high energy systems as 
mercury-zinc or nickel-cadmium. 

Methods of recharging submersible battery 
systems at ambient pressure in the deep ocean 
would enable battery powered submersibles to 
achieve greatly enhanced endurance. Such tech- 
niques would allow the battery powered submers- 
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ible to rival and perh a P s to exceed the endurance 
of fuel ceU Powered su bmers ibles. 

2 FU^ Cells 

cat**** Situation Dee P submersible vehicles 
j^bitats Mth p0 wer requirements in the 10 to 
100 fcH° Wat t range *** WeU use fuel cells in the 
coiuiP g dec ^de The hydrogen-oxygen fuel cell has 

by 1116 ihost extensive development history, 

albeit for highly specialized and costly space 

applications. 

AU other hrajor fuel cell type being considered 
|- or pjidersea use, hydrazine-hydrogen peroxide, 
received relat j v ely l ess attention but is in an 
ad varJC ed st ate D f development for terrestrial 
applications by ^e U - S - Army. It is a much less 
expen 5 * 6 d evice probably in part because of less 
str jngcnt qu^jif^pation ^d documentation require- 
ments- Like rjjg b attery, the fuel cell is a static 
energy COnVe rter producing electrical energy from 

cjremica 1 energy 

Xjplike th e battery’ the f ue l cell can produce 
energy 38 l°ng as fu e l ^d oxidant are supplied- 
Fuel ceUs Produce waste products (heat and water 
from h Vdrogen-° xygen cell or heat, water, and 
nitrog 6 ®. from the hydrazine-hydrogen peroxide 
cell) Which u^y be of use. 

-fh 6 bas ic concept of the fuel cell has received 
much conceptual development during the first half 
of this centpjy Nevertheless, it took the impetus 
of the space t * ce the expenditure of over $100 

million to p ro vide the operational hydrogen- 

oxy gen fuel systems ussd in the Gemini and 
Ap oll° Projects Such accelerated technology de- 
veiop^nt Ultimately “^y have applications in 
autoJpnhhes, reC reational boats, and undersea 
systems- 

A fuel ^ planned as the power source for 
rhe Davy’s Deep Submergence Search Vehicle 
/pgSV)- Th e 34-bour DSSV mission time and 
Lwer con^ tio n rate demand peak power of 
50 and 3 LOOO-kilowatt-hour energy 

^ppiy- Th e system’ including required buoyancy 

materi 31 ’ Mu weigh about 10,000 pounds, or 10 
pounds Pe r j^wa* hour, a silver-zinc battery 
Lstem Providing the same energy would weigh 
J> 0 ut 3 0 ,Ooo pounds- The additional vehicle 
weight and size required to utilize silver-zinc 
hatt er ' eS WopQd seriously affect the performance 
of P SSV - 
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b. Future Needs Fuel cells appear essential to 
efficient undersea operations. Hydrogen-oxygen 
fuel cells for undersea use require hard tanks for 
both the fuel cell module and the fuel. The fuel 
could be stored cryogenically as a liquid, but 
substantial insulation would be required. 

Tankage, designed to withstand ambient pres- 
sure at operating depth, adds considerable weight 
to the power system. If a fuel cell could be 
developed capable of pressure-balanced ambient 
operation without hard tank protection, system 
weight would be independent of operating depth, 
and a weigh t-to-energy ratio of six to eight pounds 
per kilowatt hour might be achieved. This could 
result in important weight improvement in power 
systems for 20,000-foot submersible operations. 

3. Thermal Conversion 

a. Current Situation Thermodynamic power 
systems may range from the simplest, using jet fuel 
and an oxydizer with a reciprocating engine, to 
very advanced systems, using such high energy 
sources as the reaction of sodium with seawater. 
Application of thermodynamic cycle systems most 
likely will be in the shallow zero to 2,000-foot 
zone, thereby allowing wastes to be exhausted 
directly to sea. For covert operations, it would be 
necessary to condense the exhaust and store it 
aboard so no trail would be left, and neutral 
buoyancy maintained. 

An extensive engineering effort was devoted to 
closed cycle thermodynamic power systems in the 
early 1950’s. A complete evaluation was made of 
long-term submerged operations, and several 
usable concepts were developed to permit sub- 
merged operations of days or weeks. The pressur- 
ized water nuclear reactor development in 1955 
supplanted the thermodynamic power concept for 
fleet submarines, and little additional work has 
been done since. 

b. Fu tur e Needs Few undersea applications will 
require a nuclear reactor energy source. Chemical 
dynamic systems (operating on the Brayton, 
Rankine, or Sterling cycles and utilizing a re- 
ciprocating engine or a turbine driving an electrical 
generator) could produce electrical energy at much 
less cost and weight than a nuclear plant and 
should receive renewed development attention. 
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Encapsulation quickly raises the specific weight 
of chemical dynamic systems for operations below 
2,000 feet. Important weight reduction for mobile 
systems could be achieved by employing systems 
in which the fuel and effluent were maintained at 
ambient pressure with only the engine and genera- 
tor enclosed in hard tanks. Ultimate development 
of a system with conversion equipment and fuel 
maintained at ambient operating pressures might 
achieve power sources weighing around 25 pounds 
per kilowatt hour. 

4. Nuclear Reactors 

a. Current Situation The nuclear reactor proved 
to be a dramatic success on Navy fleet submarines. 
Units delivering tens of thousands of kilowatts are 
in reliable service for main propulsion and auxil- 
iary loads of submarines and surface ships. The 
recent launching of NR-1 is a major milestone in 
adapting nuclear power to much smaller vehicles. 

A concept developed for the Naval Civil Engi- 
neering Laboratory of a five man, 6,000 foot 
undersea station includes a nuclear reactor for 
main power. A unit recommended for a power 
demand of 38 kilowatts was the TRIGA Oceano- 
graphic Power Supply with a steam turbine genera- 
tor power conversion system. Total weight of this 
plant (maximum capacity 100 kilowatts) was 
estimated at 145,000 pounds, more than half 
shielding. The Navy and the Atomic Energy 
Commission are working to develop yet more 
suitable nuclear reactors for other future deep 
ocean applications. 

b. Future Needs There are attractions to placing 
a nuclear power plant on the ocean floor where it 
would be away from population centers. If the 
plant were operated un mann ed with most systems 
at ambient pressures, external pressure might be 
used to reduce some wall thicknesses. Waste heat 
removal problems would be reduced in the limit- 
less heat sink of the ocean. If the power plant were 
remote from manned habitats, shielding might be 
reduced by relying upon seawater, an excellent 
shielding material itself. Except for power plant 
maintenance problems and some materials devel- 
opment, current technology is adequate to provide 
submerged nuclear power plants. 



Three factors will influence decisions to build a 
nuclear power plant at an undersea site: 3 (1) cost 
of electricity supplied by a nuclear plant at the site 
compared with cost of long cable transmission 
from land or from surface floating plants, (2) the 
character and priority of the undersea operation, 
and (3) the leadtime for nuclear power plant 
construction and operation. 

Reactor technology considerations will not 
greatly influence the decision at shallower depths. 
For missions at 20,000 feet, there are severe design 
and engineering problems, partir. harly in the 
structural design of the condenser. 

Remaining problems may include a variety of 
materials and operating difficulties. Maintenance, 
for example, would be virtually impossible at 
depth. It would be difficult and expensive to raise 
a plant for repair and maintenance. Maintenance 
requirements might be minimized if static energy 
conversion systems such as thermo-electric conver- 
sion were incorporated in place of dynamic 
turbine-generator systems. Several conceptual de- 
signs for such power plants have been developed. 

Unfortunately, the much smaller power require- 
ments of current saturation diving habitats are not 
compatible with the characteristics of existing 
nuclear reactors. Technology derived from devel- 
opment programs to supply small nuclear reactors 
for space applications may be adapted to the 
undersea power problem, particularly for manned 
underwater stations at limited ocean depths. 

5. Isotope Power 

Power up to 10 kilowatts is considered achiev- 
able via radioisotope-dynamic conversion power 
systems, in which the heat of radioactive decay 
produces steam to drive a conventional turbine- 
generator or power a thermoelectric converter. 

Isotope materials with halfbves ranging from 
four months to 458 years exist in varying quanti- 
ties and costs. One most promising for long 
missions, cobalt-60, has a halflife of over five years 
and an energy density of 1.7 watts per gram in 
compound form. For shorter missions, 
polonium-210 with a halflife of 138 days might be 
selected. 



3 There are also reasons to locate power generating 
stations offshore to serve land needs- See Chapter 6, 
Section VU, Power Generation. 
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Since radioisotopes are the product of reactor 
operations or separation of spent fuel, careful con- 
sideration must be given to selection and avail- 
ability of isotopes when considering them for 
electric power production. Some isotopes are 
completely unavailable. With others, price is 
changeable and reflects many factors, some un- 
related to actual isotope demand. A careful survey 
of information supplied by the Atomic Energy 
Commission regarding cost and availability is 
mandatory before planning to utilize such systems. 

Isotopes are expensive. With a somewhat opti- 
mistic 25 per cent engine cycle efficiency, power 
output of 15 kilowatts would require 60 thermal 
kilowatts with an expected cobalt-60 isotope cost 
of $390,000. 

As with reactor systems, radiation and waste 
heat must be considered. The advantages and 
disadvantages of deep ocean reactors are similar to 
isotope systems. The transportation of a radio- 
isotope system is difficult due to the necessity of 
continuous shielding and heat rejection. 

Assuming acceptable weight characteristics and 
cost considerations, radioisotope systems can pro- 
vide small-power supplies having low maintenance 
and high reliability for a number of relatively 
constant power consumers (such as fixed environ- 
mental monitoring systems, transponders, buoys, 
wellhead controls, and communications and navi- 
gation systems). 

6. Conclusions 

Reliable, cost effective, high energy per unit 
weight and volume power sources are a primary 
requisite for a wide variety of undersea applica- 
tions. Existing power sources in various develop- 
ment stages for other applications are potential 
candidates for underwater service, but each re- 
quires considerable adaptation to the ocean envi- 
ronment and to specific underwater applications. 
Clearly, no single candidate is preferable over the 
entire energy spectrum in which subraersxbles, 
habitats, and other undersea systems may operate. 

The current need for suitable power sources for 
submersible s is urgent. Excluding combatant sub- 
marines, only rechargable batteries have been 
employed for main power in manned, selfpro- 
pelled submersible s. The NR-1 will be the first 
submersible with nuclear power. Batteries impose 
severe weight, payload, and endurance penalties on 



small vehicles. Until fuel cells, small nuclear plants, 
and other power sources can be developed for 
deep ocean service, submersible capabilities will be 
seriously limited. Figure 3 is a general presentation 
of approximate ranges of useful outputs for 
various power sources for submersible systems 
illustrating the point that no one type would 
satisfy all missions. Figure 4 summarizes the 
comparative usefulness potential for various power 
sources. The diversity of advantages and disadvan- 
tages of each also enforces the need for pursuing 
diverse approaches in power source development. 
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Figure 3. The range of useful outputs for 
various power sources. 
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Recommendations: 

While it is not realistic to presume that any one 
power source will be adequate for all underwater 
requirements, the design, development, testing, 
and certification of each new source is both time 
consuming and expensive. Therefore, it is also 
unrealistic to conceive of a program wherein all 
power sources will be developed simultaneously. A 
more rational approach dictates that development 
efforts be directed initially to low-cost adaptions 
of existing power sources to systems specifically 
designed for the ocean environment. 

Development of compact, deep ocean power 
sources ranging particularly between 50 and 5,000 
kilowatts for deep submergence vehicles and habi- 
tats is most urgent and should receive first priority. 

Engineering criteria, standards, and perform- 
ance and qualification specifications for power 
systems (including components) must be estab- 
lished for nonmilitary underwater applications. 
Applied research and component improvement 
programs must be supported. The development of 
a low-cost 50 kilowatt power source for submer- 
sible operations of several days is an example. 

Fuel cells should receive priority to meet the 10 
to 100 kilowatt demand of small submersibles, a 
requirement that can be met by the DSSV fuel cell 
project if carried out as planned. Development of 
both hydrazine and hydrogen-oxygen systems 
should be supported. Cryogenic underwater tech- 
nology should be emphasized because of its 
potential application in fuel cell and thermal 
conversion systems. In the range for resource 
utilization on the continental shelves, thermal 
conversion systems should receive renewed devel- 
opment support. 

C. External Machinery Systems and Equipment 

The sea environment imposes entirely new 
operational requirements on machinery systems. 
Mechanical and electrical equipment have been 
developed for operation in the atmosphere or in 
the vacuum of space, but the ocean’s high pressure 
and corrosiveness impose more severe demands 
than have been encountered in most previous 
applications. 

Military submarines operate at relatively shal- 
low depths with most machinery systems inside 
the pressure hull and a minimum of equipment 
exposed to the ocean environment. Consequently, 



little undersea component development has been 
directed toward external machinery. Yet small 
submersible hulls generally enclose only the man 
and the electronic equipment, and in unmanned 
systems it is desirable to utilize as little heavy 
pressure-resistant structure as possible. Conse- 
quently, efficient design requires the use of new 
subsystems exposed directly to the ocean environ- 
ment. 

The attempt to use off-the-shelf or slightly 
modified equipment in submersible systems be- 
cause of cost has in many cases proved unwise. 
Few items have worked as planned, and modifica- 
tion has been expensive. The use of off-the-shelf 
equipment in effect has led to in situ testing, often 
a costly and wasteful procedure. A few hours of 
operation without any equipment malfunction is 
the best expected from vehicles in initial stages of 
operation. 

The Circular of Requirements issued in late 
1965 as part of the procurement specification for 
the Deep Submergence Rescue Vehicle (DSRV) 
specified the use of off-the-shelf equipment. But 
many subsystems proposed would not operate 
when tested in the deep environment, requiring 
added efforts to develop, test, and qualify suitable 
equipment for the vehicle. 

Safety and progress in the undersea frontier 
necessitate testing, evaluation, and certification of 
equipment for external operation prior to installa- 
tion. Because the use of equipment exposed to the 
environment promises great rewards in the effi- 
ciency of undersea systems, external machinery 
systems and equipment development should re- 
ceive emphasis in the fundamental technology 
development program. 



1- Power Application 

a. Current Situation A key element of mobile 
undersea platforms will be the propulsion system. 
Neutrally buoyant vehicles may have to have 
mobility in all six degrees of freedom— (1) heave 
(up and down), (2) surge (fore and aft), (3) sway 
(right and left), (4) roll, (5) pitch, and (6) yaw. 
For docking or mating, very precise maneuver- 
ability is required. For many activities speeds of 
five knots or less are acceptable, but in such cases 
as chasing tuna or potential enemy submarines 
much higher forward speeds are needed. 
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The choice of propulsion systems for submer- 
sible vehicles depends on their mission. Typical 
uses— scientific studies, site survey and inspection, 
object recovery and light salvage, transport of 
men and equipment, or mobile tool operations 
— generally demand precise maneuverability, nor- 
mally more important than high speed. 

Other challenges to propulsion system design 
include protection from entanglement, minimum 
disturbance of bottom sediments (especially for 
bottom-sitting vehicles), and creation of large 
forces and moments at zero speed. Propulsion 
system selection will involve weight, volume, 
simplicity, efficiency, reliability, maintainability, 
and mechanical endurance. 

The state of development and features of the 
most common propulsion systems are: 

-Screw propulsion. Well defined, with designs 
available for almost any application. Systems have 
utilized conventional propellers, ducted thrusters, 
or rotatable pods. Precise maneuverability in all 
degrees of motion requires no less than three screw 
propellers. 

- Tandem propulsion. In early development, not 
progressed beyond the analysis and tank-test 
stages. Has promise for highly maneuverable 
vehicles. 

— Cycloidal (vertical axis propeller) propulsion. In 
use for years on tugs and ferries which require high 
thrust at low speeds and directed thrust for 
maneuvering but not three-dimensional control. 
Only a prototype glass submersible presently 
employs cycloidal propulsion. 

-Water jet propulsion. Uses pumps to expel water 
at high velocity for propulsion. Currently in use on 
at least two commercially operated deep submer- 
sibles. One uses rotatable jets for primary thrust; 
the other uses jet thrusters for maneuvering 
control. 

Many submersible functions and habitat opera- 
tions require power transmission by hydraulic 
pumps and actuators. In theory, complete hydrau- 
lic systems placed externally to the hull at ambient 
pressures can be operated at still higher working 
pressures. However, such operations have often 



-Characteristics of hydraulic fluids change at 
extremely high pressures— viscosity may increase 
100 times while operating a system from zero to 
20,000-foot depths. 

—Waxes may form in hydraulic oils and clog the 
lines. 

—Gases may accumulate and block the system. 

The mechanical parts of pumps, actuators, and 
motors normally designed for 3,000 pound per 
square inch (psi) operation in atmospheric systems 
must be redesigned for deep submergence. 

Most underwater propulsion systems and virtu- 
ally all hydraulic and seawater pumps are driven 
by electric motors. Several methods for condition- 
ing motors to resist the operating environment 
have been developed. These include oil-filling, 
encapsulation in pressure-resistant housings, and 
sealing principle parts such as rotors and stators 
with plastic compounds. None is yet completely 
satisfactory. 

Most undersea electric power sources provide 
direct current. Since no power conversion is 
necessary, direct current motors (especially for 
constant-speed applications) promise high effi- 
ciencies. However, problems of commutation and 
brush wear under high pressure or in oil have 
restricted their use. 

Alternating current motors have the advantage 
of being brushless, but require DC-to-AC inverters 
for power conversion and speed control. Although 
modem inverters have no moving parts, they do 
not operate reliably in ambient pressures, and their 
electrical complexity adds weight. 

b. Future Needs Propulsion system reliability 
and efficiency must be improved for advanced 
undersea systems. The tandem propeller concept 
appears feasible within the foreseeable future. 
Reduction of vehicle drag to reduce power con- 
sumption and increase propulsion system perform- 
ance holds limited promise. 

Solution of the DC motor brush problem 
appears imminent. The Navy has been testing 3 
and 17 horsepower DC motors of a unique brush 
concept with favorable results. Larger motors are 
yet to be developed. AC motor inverter-controllers 
are being refined, but reliability and weight im- 
provements, including possible ambient operation, 
should be pursued. 
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Entirely new hydraulic equipment designs are 
needed for deep submergence. Pumps, motors, 
actuators, and such power conversion equipment 
as fluid speed reduction gears that use corrosive, 
nonlubricating seawater as the working fluid 
would be a real breakthrough. Entirely new 
concepts for pump and motor construction and 
new working fluids may prove a very fruitful 
alternative. 

2. Electrical Distribution 

a. Current Situation Electrical power must be 
distributed within and outside the pressure hull of 
undersea systems. Signals to control external 
machinery must be transmitted through the pres- 
sure hull, and outside information must enter for 
processing, interpretation, and storage. On a rela- 
tively simple vehicle, a thousand or more wires 
may pass through the hull. The Deep Submergence 
Rescue Vehicle will require more than 1,400 such 
penetrations. A large bottom habitat may require 
thousands of such penetrations. 

Electrical distribution systems within the pres- 
sure hull are similar to those for atmospheric 
applications, but external distribution systems 
encounter entirely different problems. Each wire 
and component is subjected to both pressure and 
adverse chemical effects. Deficiencies in the state- 
of-the-art exist in insulation, circuit interruption 
techniques, and automatic system monitoring 
equipment. 

Electrical hull penetrators contain contacts 
which complete circuits through the hull. Their 
selection is important, as number and size deter- 
mine hull reinforcement requirements and may 
affect internal and external equipment arrange- 
ment. 

Penetrators must be reliable barriers to hydro- 
static pressure to avoid electrical shorting or hull 
flooding. Although various configurations contain- 
ing relatively few contacts have had some success, 
none is yet satisfactory for extended operations 
requiring many signals at great depths. 

Underwater cables and connectors are a signifi- 
cant problem. Each must resist the high pressure 
seawater environment and form a reliable pressure 
resistant connection at the connector-cable and 
connector-connector interfaces. 

Underwater cable must be resistant to mechan- 
ical stresses from pressure cycling, vibration, ther- 



mal variations, abrasion, and chemical, electro- 
lytic, and biological attack. Extreme pressure 
changes cause cable insulation to squeeze and 
withdraw from between conductor strands and to 
be pinched and chafed. Voids formed in cable 
during manufacture can result in air bubble accum- 
ulation under pressure, subsequently causing rup- 
ture due to gas expansion during ascent. 

Molded distribution boxes and oil-filled junc- 
tion boxes have been utilized to distribute electri- 
cal power. In a molded distribution box, cable, 
connectors and wiring are mated in solid rubber or 
plastic. Inaccessible connecting points are fully 
protected from the outside environment. 

Oil-filled junction boxes, although heavy and 
bulky, are reliable in undersea systems. Pressure is 
compensated by an electrically insulating fluid 
(usually silicone oil) and a flexible diaphragm. 
When pressure increases, the diaphragm transmits 
pressure to the fluid in the box, thereby support- 
ing the box’s walls. The diaphragm may be 
spring-loaded to ensure a positive pressure to keep 
seawater out. Most remotely operated external 
contactors and relays are placed in oil-filled boxes. 

b. Future Needs Reliable, multiconductor hull 
penetrators, cables, and connectors are essential to 
systems development. Available components have 
only marginal capability. 

Insulations capable of withstanding many pres- 
sure cycles must be developed. New techniques of 
circuit interruption are needed. Reliable automatic 
system monitoring equipment must be developed. 
Because undersea maintenance is difficult if not 
impossible, equipment must be provided to detect, 
evaluate, and correct equipment faults automati- 
cally. Pressure and water resistant switch gear, 
preferably electronic rather than electro-mechan- 
ical, must be developed to avoid bulky protective 
enclosures and to improve reliability. New meth- 
ods of hull penetration, using radio or visible light 
frequencies now being developed for glass hulls, 
show promise and warrant increased effort. 

3. Buoyancy and Trim Control 

a. Current Situation Maintaining neutral buoy- 
ancy reliably is important because uncontrolled 
descent or ascent could be disastrous. A vehicle’s 
weight generally must be controlled through a 
range as much as ±5 per cent of total weight. 
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Merely moving from seawater to the fresh or 
brackish water of a river mouth changes displace- 
ment perceptibly. 

Descent from warm surface waters to cold 
bottom waters or transit through several thermal 
or salinity layers places a heavy burden on 
buoyancy control systems. Existing systems re- 
quire constant attention of experienced personnel 
to compensate for changing conditions. 

Buoyancy control is achieved most simply by 
pumping seawater in and out of hard tanks, 
changing the ratio of vehicle weight to displace- 
ment. This method has proven satisfactory to 
2,000 feet, but pumping water against the high 
pressures of greater depths requires expenditure of 
much precious energy. 

When transporting specimens, minerals, or re- 
covered objects to the surface, it will be necessary 
to provide buoyancy at least equal to the wet 
weight of the cargo. Dropping weights may be 
inexpensive, but pumping seawater ballast is more 
desirable because it is reversible. Further, systems 
operating submerged for long periods may not 
have the opportunity to replace dropped weights. 

Trim in undersea vehicles has been controlled 
by shifting ballast, changing the pitch of fins or 
vanes, or applying propulsion. In shifting ballast, 
seawater or mercury pumped from one region of 
the vehicle to another, working effectively even at 
slow or zero forward speeds. However, the system 
responds slowly, and the ballast, tankage, intercon- 
necting piping, and pumping system add weight, 
volume, and complexity. The vehicle must have 
some relative forward or reverse motion to effect 
trim by the use of lifting surfaces. 



b. Future Needs New fast and completely auto- 
matic buoyancy control must be developed. Chem- 
ical propellants may achieve a more satisfactory 
ratio between the weight of energy storage and the 
change in vehicle buoyancy. The solution may lie 
in designing vehicles so their bulk modulus closely 
matches that of seawater, utilizing materials and 
devices which vary in displacement to compensate 
for changes in pressure and temperature, thus 
providing automatic buoyancy control and mini- 
mal requirements for variable ballast. 

More efficient trim control methods with 
quicker response will be needed as vehicles become 
larger and faster. Automatic trim controls to free 



the vehicle operator for other duties will be 
required. 

4. Conclusions 

External machinery systems and equipment not 
designed for undersea use have proved generally 
inadequate. However, due to the unavailability of 
special subsea commercial equipment, equipment 
designed for other purposes has been used in the 
oceans. Even equipment specially designed for 
submerged application requires extensive improve- 
ment. The state-of-the-art in external machinery 
systems and equipment is summarized as follows: 



Propulsion Systems Problem 



Screw 
Tandem 
Cycloidal 
Water Jets 
New Methods 

Electric Motors 

DC Motors 
AC Motors 



Electrical 

Penetrations 

Distribution 



Control 

Buoyancy 



Trim 



Maneuverability requires 
several units 

Not tested on a full-scale ve- 
hicle; complex mechanism 
Not tested on a full-scale ve- 
hicle; complex mechanism 
Sediment disturbance; low 
efficiency 

Need to be developed 
Problem 

Commutation and brush wear 
Inverter/controller weight and 
reliability; flooded opera- 
tion 



Problem 

Weight; reliability of seals and 
insulation; continuity of 
circuit 

Weight and bulk of oil-filled 
junction boxes; mechanical 
circuit interruption; cable 
reliability 

Problem 

Ballast pump rates and 

reliability; automatic con- 
trol; buoyancy generation 
at great pressure 

System weight and speed; 
automatic control 
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Recommendations: 

More efficient, reliable, lighter weight external 
subsystems are critical to deeper ocean operating 
capability. Development has not received the 
attention given materials and power sources, al- 
though of equal importance. A program specifi- 
cally aimed at improving reliability and developing 
new external machinery systems and equipment- 
propulsion systems, buoyancy, and trim control 
systems— is needed. 

The Navy’s Deep Ocean Technology Program 
should be funded to the requested levels. 

Civilian technology funding levels should allow 
file development of fundamental knowledge 
needed to produce low-cost systems for non- 
military users. 

D. Materials 

Materials problems enter critically into every 
aspect of underwater technology. The economy 
and effectiveness of ocean activities are dependent 
upon development of improved materials for 
submersible vehicles, underwater structures, equip- 
ment, and all types of components. Material 
development involves not only basic metallurgical 
and mechanical properties but problems of pro- 
duction, design, fabrication, testing, in-service in- 
spection, corrosion, and marine fouling. 

Developments are needed in me tallies, non- 
metallics, and composites of increased strength 
with sufficient notch toughness, corrosion resist- 
ance, fatigue strength, producibility, weldability, 
and economy for pressure hulls and other struc- 
tural applications. Included in the nonmetallic 
category are fiber-reinforced plastics, glass, and 
other ceramics. 

Neutral buoyancy is an operating requirement 
for submersibles. Applying a principle that buoy- 
ancy is best provided by the pressure hull and 
auxiliary buoyancy material is used primarily for 
trim— the pressure hull should have a weight-to- 
displacement (W/D or buoyancy) ratio of 0.4 to 
0.6. This allows for the buoyancy required for 
external machinery and equipment, outer hull and 
payload. In the discussions following, a spherical 
geometry is assumed, because this shape provides 
minimum W/D ratios. 

No currently available production material suit- 
able for pressure hulls can achieve a W/D ratio 
lower than 0.5 for 10,000-foot operations. For 



greater depths, supplemental buoyancy material or 
advanced hull materials will be required. The 
amount of such material will be a function of the 
hull’s W/D ratio and the density of the buoyancy 
material. 

The pressure hull buoyancy ratio must increase 
with depth. A recently constructed submersible, 
for example, with an 8,000-foot operating capabil- 
ity has a pressure hull made of a 190,000 pounds 
per square inch (psi) compressive yield strength 
steel and a buoyancy ratio of 0.43. 

The Deep Submergence Search Vehicle (DSSV) 
designed to operate to 20,000 feet would have a 
pressure hull buoyancy ratio of 0.9 if fabricated of 
the same material. The buoyancy ratio of the 
DSSV pressure hull would be reduced to 0.7 if a 
titanium alloy of 125,000 psi compressive yield 
strength were used. 

Higher yield strength titanium alloys have not 
been used in deep submergence pressure hulls 
because of lower toughness and possible suscepti- 
bility to stress corrosion. If a titanium alloy with 
a 180,000 psi yield strength and acceptable tough- 
ness became available, a pressure hull buoyancy 
ratio as low as 0.5 could be attained for 20,000 
feet. 

' Complementary needs include (1) hatches that 
form an integral part of the structure when closed, 
but which can open for mating operations a* great 
depth without dangerously degrading the struc- 
ture, (2) techniques to utilize more than one 
material in a hull to capitalize on the unique 
advantages of each, (3) analytical tools to predict 
and evaluate preliminary design choices, and (4) 
fabrication techniques. 

Development is needed of undersea antifouling 
coatings to inhibit biological growth (Figure 5), 
new coatings to protect against corrosion, and 
cathodic and impressed current techniques for 
combating corrosion. Materials are required for a 
variety of underwater applications in addition to 
pressure hulls: 

—Gaskets, sealants, and pressure hull penetrations. 

—Rubberized fabrics for pipelines, storage con- 
tainers, and buoyancy bladders. 

—Nylon and other materials for mooring cable, 
insulation, and protective sheaths. 

—Transparent materials for viewports. 
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Figure 5. Biological growth on hydrolab after 
one year's submergence off Florida coast near 
Palm Beach. Inspection of laboratory after 
removal of growth showed little corrosion had 
taken place. (West Palm Beach Post-Times 
photo) 



—Fluids for buoyancy and hydraulic systems, 
pressure compensating systems, and lubrication. 

Technology and knowledge of material per- 
formance m the ocean has not progressed to where 
final decisions can be made as to what materials 
and construction techniques are to be employed 
in future systems. Entirely new material concepts 
may be developed and employed by the year 
2000, but only if sufficient effort is expended in 
analysis, development, and use of a wide variety of 
materials. 

1. High Strength Steels 

a. Current Situation Ferrous materials having a 
yield strength of 80,000 psi (HY-80) or less have 
been used in all fleet submarines and in most deep 
submergence vehicles. HY-140 steels (130,000 to 
150,000 psi yield strength) now can be specified 
for use in noncombatant vehicles, although the use 
of HY-140 for combatant submarines awaits solu- 
tion to many problems in forging, fabricating, and 
welding large segments. 

Operations at 20,000 feet will require much 
stronger steels in excess of 180,000 psi yield 



strength or advanced nonferrous or nonmetalhc 
materials. 

If many pressure cycles are involved, failure due 
to fatigue rather than crushing forces must be 
considered. Unfortunately, as yield strength in- 
creases, toughness and fatigue life decrease. Each 
time a vehicle descends to operating depth and 
returns, a fatigue cycle is incurred. If a collapse 
safety factor of 1 5 is incorporated, cyclic loading 
would vary from zero psi to a maximum of 86,500 
psi for HY-140. 

Data suggest that HY-80 can sustain 10 times 
the cyclic loading of HY-140; however, the 10,000 
cycle capability for HY-140 steel is Hkely to be at 
least three times the cycles a submersible will 
undergo during its useful life. Since HY-140 
fatigue life is ample, it is not correct to imply that 
an HY-140 vehicle will have a shorter service life 
than an HY-80 vehicle. This would be true only if 
service life extended beyond 60 years with dives to 
maximum depth every other day. 

b. Future Needs While steel has a higher density 
than other materials considered for pressure hulls, 
new ultra-strength steels (yield strength greater 
than 240,000 psi) may produce in 15 years 
efficient 20,000-foot pressure hulls (W/D around 
0.5) for small, maneuverable noncombatant ve- 
hicles. 

Although other materials may be used for 
vehicle and habitat structures, high strength steel 
may be found the least costly once stress corro- 
sion cracking and brittle failure problems are 
overcome, and manufacturing and fabrication 
techniques developed. 

Currently HY-80 steel, for which suitable man- 
ufacturing and fabrication techniques have been 
developed, is much less expensive than any other 
material proposed for pressure hulls. If ultra- 
strength steel technology were successful, a 20,000- 
foot hull with W/D ratio around 0.5 would be 
possible and steel might remain the most econom- 
ical material- 

2. Nonferrous Metals 

a. Curre nt Situation Titanium and aluminum 
materials, much less dense than steel, show prom- 
ise for low W/D ratio hulls for deep submergence 
vehicles. However, fabrication technique and cor- 
rosion unknowns have limited such materials to 
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only a few applications . A Iuminaut uses aluminum 
forged rings for hull construction, and the Alvin 
employed titanium buoyancy spheres. Aluminum 
spheres with yield strength of approximately 
75,000 psi, and small titanium spheres with yield 
strength of 1 20,000 psi have been fabricated. 

b. Future Needs Extensive development and 
improvement of fabrication techniques must be 
done to realize the f ull potential of nonferrous 
materials. For example, bottom habitats probably 
will be manufactured in large sections on shore, 
transported by surface ship or towed to the site, 
and lowered. Since most, if not all, structural 
fabrication will take place on land, dry weight will 
be extremely important in handling such large 
structures. 

Operating costs of current submersibles are 
related to vehicle weight due to surface support 
difficulties. Thus, advanced structural materials 
and improved supplement buoyancy that reduce* 
vehicle weight can be economically rewarding. In 
the future submerged support of submersibles 
could make dry weight a much less important 
factor. Further, continuing development of non- 
ferrous metals and alloys for ocean equipment and 
components is necessary. Included are gunmetals, 
cupronickels, and cast and wrought aluminum 
alloys. 

3. Nonmetallic Materials 

a. Current Situation Operation of vehicles at 
20,000-foot depths will require pressure hulls 
having weight-to-displacement ratios approaching 
the ideal 0.4. These can be achieved only by using 
the very high strength steels with yield strengths 
above 240,000 psi, titanium with a 180,000 psi 
yield strength, glass-reinforced plastics, advanced 
composites, or massive glass. 

Glass is expected to be developed to a usable 
compressive strength level of 250,000 psi during 
1970-1980. The attractiveness of massive glass lies 
in its low density and theoretical compressive 
strength, possibly as high as 4,000,000 psi. Failure 
generally initiates at the glass surface when tension 
forces are present and occurs long before compres- 
sive capabilities are reached. 

Annealed glass spheres up to 56 inches diameter 
have been fabricated and tested, but results are 
inconsistent, and adequate fabrication control 



techniques have not been developed. Unfortu- 
nately, the failure of glass spheres is unpredictable 
and usually catastrophic; once a crack begins, the 
entire assembly disintegrates. In metallic structures 
the failure mode is usually buckling; initial cracks 
and structural anomalies usually can be detected 
prior to complete failure. 

Glass technology is being applied in construc- 
tion of the Naval Undersea Warfare Center’s 
(NUWC) Deepview, a vehicle having a 44-inch glass 
end hemisphere (Figure 6). Also NUWC’s Hikino 
design has a total glass sphere with no pene- 
trations. The sphere incorporates a titanium ring 
joint between hemispheres and utilizes an acrylic 
inner and outer lining. Other glass construction 
techniques include pouring, sagging by heat, sag- 
ging by vacuum, and injection molding. The Naval 
Civil Engineering Laboratory is working on acrylic 
sphere construction by assembly of 12 identical 
spherical pentagons. 




Figure 6. Artist's concept of Deepview sub- 
mersible vehicle. (Navy photo) 



Properties and performance characteristics of a 
glass filament, originally developed for Polaris 
rocket cases, have been evaluated under simulated 
conditions. Complex ring-stiffened cylindrical 
models have been tested, demonstrating a capa- 
bility to withstand short-term exposure to 30,000 
feet of hydrostatic pressure and long-term static 
and cyclic exposures at depths to 20,000 feet. 

Glass fiber reinforced plastics (GRP) are of very 
low density and offer the possibility of compres- 
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sive strengths of 130,000 to 200,000 psi. Im- 
proved matrices, reinforcements, and composites 
offering higher compressive strength, modulus, 
shear strength, and environmental resistance can 
lead to greatly improved weigh t-to-displacement 
ratios and reliability. GRP materials now have 
demonstrated strengths of 100,000 psi; 150,000 
psi appear; attainable in the next decade. 

Oxide ceramics are another potential material 
for construction of low W/D ratio pressure resist- 
ant enclosures. Alumina and beryllia appear the 
most likely candidates. Current technology does 
not permit precision manufacture of high strength 
ceramic parts larger than 18 inches. Spherical 
pentagonal ceramic plates imbedded in a metallic 
framework may offer a solution for spherical 
structures. 

b. Future Needs Much must be done to develop 
the nonmetallics into safe, reliable, producible, 
and fabricable engineering materials for deep 
submergence applications. Glass work shouiu 
emphasize reliability, fabrication and penetration 
techniques, and joint design. Fiber-reinforced plas- 
tics need process and quality control improve- 
ment. 

Promising fibers such as carbon, boron, beryl- 
lium, alu min a, and others should be developed 
further. Penetrations for maimed hulls must be 
developed and evaluated. Oxide ceramics deserve 
extensive investigation with emphasis on mosaic 
structures to solve the scale-up problem. By the 
1980 J s, nonmetals may be practical for manrated 
pressure hulls. 

4. Supplemental Buoyancy Material 

a. Current Situation Vehicle volume is an 
important criterion in maneuverability, which im- 
proves as volume decreases. Volume is greatly 
influenced by the buoyancy material employed. 
Combatant submarines have been of such limited 
depth capability that buoyancy has generally not 
been a problem. In fact, they carry lead for 
weight-growth margin and stability. Because of 
available pressure hull materials, deep submersibles 
ordinarily attain neutral buoyancy by carrying 
extra buoyancy material. 

Gasoline is used for supplemental buoyancy in 
the Trieste, which has descended 35,840 feet in 
the Pacific. But gasoline is inefficient as buoyancy 



material, causing the Trieste to be quite bulky and 
unmaneuverable. Its operations with a gasoline- 
filled buoyancy balloon are analogous to helium- 
filled balloon or blimp operations in the atmo- 
sphere- 

Titanium spheres are used on the Alvin to 
provide an effective net buoyancy. Radial fiber 
spheres, a variation on filament wound rocket 
motor case development, show great promise for 
supplemental buoyancy . Spheres with a weight-to- 
displacement ratio of 0.39 have withstood up to 
45,000-foot equivalent depth pressure; an 11-inch 
sphere with no surface resin coating has been held 
at 26,000 feet and tested to failure at 56,000-foot 
pressures. A 32-inch diameter sphere has been 
proof-tested to pressures equivalent to 22,000-foot 
depths. 

Most vehicles currently under construction will 
employ syntactic foam for supplemental buoy- 
ancy. This is a mixture of very light hollow glass 
microspheres in a resin matrix. Current technology 
has yielded syntactic foams with a weight-to- 
displacement ratio of 0.56 at 8,000-foot pressures 
and 0.69 at 20,000 feet. Thus, the achievable net 
buoyancy from each foam is approximately 28 
and 20 pounds per cubic foot of material respec- 
tively. (One cubic foot of water weighing 64 
pounds is displaced by a cubic foot of foam 
weighing 36 pounds yielding a net lift of 28 
pounds, etc.) 

The importance of relative density of syntactic 
foam is evident from analyzing its role in vehicle 
construction and operation. Every pound of vehi- 
cle negative buoyancy when submerged must be 
compensated by a pound of supplemental buoy- 
ancy. If each pound of buoyancy material contrib- 
uted only one-third pound of net buoyancy, then 
one pound of negative buoyancy would require 
the addition of three pounds of buoyancy mate- 
rial. 

The result would be that each pound added to a 
vehicle would compound to a total of four pounds 
of dry weight. Based on current costs for installed 
buoyancy material, each added pound of vehicle 
weight may cost an extra S200 to $300, a cost 
penalty approaching or exceeding that of excess 
weight on a jet aircraft. 

b. Future Needs Volume reductions, and perhaps 
very significant cost reductions, can result from 
improved syntactic foams or other supplemental 
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buoyancy materials. Ultimately it will be desirable 
to develop a buoyancy material providing 39 to 44 
pounds of lift per cubic foot for 20,000-foot 
operations. Syntactic foam improvements may 
require stronger, lighter resins and microspheres 
with improved tolerances and fatigue life; the 
possible combination of glass macrospheres and 
microspheres in the foam matrix; and castable 
foams that can be poured into small irregular 
spaces and set at room temperature. To use glass 
spheres, techniques must be developed to elimi- 
nate the danger of sympathetic implosion, a very 
serious problem prohibiting their use currently. 

A possible assist may come from development 
of structural members which are themselves posi- 
tively ct neutrally buoyant. For example, an outer 
skin built of laminated GRP imbedded with glass 
microspheres might be used both to reduce wet 
weight and to add stiffness to the outer hull 
structure. Effort devoted to improving buoyancy 
materials and developing buoyant structure is sure 
to be highly cost effective and could even permit 
less advanced pressure capsule materials in 20,000 
foot systems. 

5. Secondary Materials 

There are a great number of critical secondary 
materials problems for undersea structures, vehi- 
cles, and devices. They involve rubber, plastics, 
fabrics, fibers, insulations, hydraulic fluids, lubri- 
cants, etc. The problems are related to such 
environmental effects as leakage under pressure, 
temperature embrittlement, corrosion, fouling, 
scouring, and contamination. Most materials devel- 
oped for submerged use have been employed only 
near the surface. Research and development on 
deep sea materials has barely begun. 

6. Conclusions 

Materials technology development is of critical 
concern, and upon it the economy and effective- 
ness of undersea activities depends. Weight-to- 
displacement pressure hull ratios of 0.4 to 0.6 are 
exceedingly important due to the fundamental 
requirement of supporting the remainder of the 
vehicle to achieve neutral buoyancy. 

If the pressure capsule cannot provide needed 
buoyancy, supplemental material must be added, 
increasing vehicle weight and cost, and reducing 
effectiveness. Materials considered for structural 



applications include steel, titanium, aluminum, 
glass, glass fiber reinforced pasties, and ceramics. 
All have promise of meeting low W/D ratios at 
20,000 feet by 1980. 

Although such materials as titanium and glass 
are being improved, once manufacturing and fabri- 
cating techniques have been developed the high 
strength steels might remain least costly for most 
undersea applications. Materials failures in marine 
equipment, a major shortcoming of most oceano- 
graphic efforts, may constitute a major obstacle to 
better utilization of the sea. Fatigue life under 
cyclic stress is important in selecting materials for 
submersibles, and long-term corrosion is the key 
consideration for permanent structures. 

Extensive use of supplemental buoyancy mate- 
rial for operations below a few thousand feet is 
likely to be required for many years. Currently for 
20,000-foot operations, buoyancy materials give 
only about one-half pound of buoyancy for each 
pound of their own weight. Vehicle volume has an 
important effect on maneuverability, and the 
buoyancy material has an important effect on 
vehicle weight, volume, and costs. Hence, im- 
proved buoyancy materials and equipment will be 
very cost effective. 

Independent or contractual materials develop- 
ment is not being undertaken to a meaningful 
extent by industry. For example, 80 per cent of 
the Navy’s exploratory development in deep ocean 
materials is undertaken in-house. 

Recommendations: 

Structural materials development must be acceler- 
ated along several paths with sufficient funds to 
reach fair conclusions about the ability to obtain 
efficient deep submersible and habitat structures. 
After 10 years, efforts should be narrowed and 
production choices made. Research must be coor- 
dinated and industry initiative encouraged; the 
approach should be through systems engineering. 
Efforts should focus on: 

-Steel High strength steels development and 
fabrication techniques, including study of fatigue 
problems, should be pushed to obtain a high- 
quality, low-cost material. 

—Nonferrous metals. Aluminum and titanium 
should be developed to provide the basis for 
efficient (W/I>=0.4 to 0.6) 20,000-foot structures 
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within 10 years. Emphasis should be given to 
corrosion resistance, fabrication methods, and cost 
reductions. 

—NonmetalUcs. Large glass structures for 20,000 
feet should be manufactured and tested to prove 
reliability. Construction methods and quality con- 
trol techniques should be stressed. Glass fiber 
reinforced plastic and ceramic structures should be 
built and evaluated against glass, titanium, and 
steel; efforts should be dropped if no clear 
feasibility is shown within 10 years. GRP work 
should emphasize reliability, resistance to delam- 
ination, and reduction of water absorption. 

Supplemental buoyancy material should be 
developed with a major effort to provide a 
low-density, acceptable-strength product having 39 
pounds of buoyancy per cubic foot. 

A program to develop secondary materials 
should be emphasized to provide the needs of new 
systems exposed to seawater. More vigorous re- 
search into ocean causes and effects (Section I, 
Environmental Considerations) would feed direc- 
tly into this program. 

A more comprehensive program should be 
organized to ensure proper information transfer 
among user, materials supplier, and designer to 
ensure proper testing of materials. Basic materials 
data should be made available in handbook form 
to the designer, especially for some nonmetals and 
coatings. A system also is needed for the ordeiiy 
and accurate feedback of service experience infor- 
mation. Testing results should be standardized. 

E. Navigation and Communications 

Navigation and positioning are prime requisites 
to safe and successful operations on and beneath 
the sea. Traditionally, the U.S. Government has 
supplied geodesy, chartmaking, and navigational 
aids to its own agencies, industry, commerce, and 
individuals (Figure 7). While there are many 
surface navigational aids, they generally lack pre- 
cision for operations out of sight of land. 

Communications systems are essential to intelli- 
gence interchange (including telemetry) among 
submersibles, support platforms or ships, undersea 
stations, buoys, and associated satellites or air- 
craft. Safety demands reliable communications 
equipment. Primary reliable communication links 




Figure 7. New Ambrose offshore buoy re- 
placing Ambrose lightship off entrance to New 
York Harbor, an aid to navigation long pro- 
vided by U.S. Government. (Coast Guard photo) 

must be provided for command and control and 
for emergencies. Acoustic frequency and power 
level allocations will be required as undersea 
activity increases. 

1. Navigation, Geodesy, and Positioning 

a. Current Situation Navigation, used here, 
means the location of one point on the earth s 
surface in relation to another. Geodesy is the 
science of determining the three dimensional 
coordinates of locations (geodetic control points) 
on the earth’s surface. Positioning is locating 
oneself relative to a local reference not necessarily 
established geodetically. 

Marine surveys normally are positioned by 
shore based electronic s>otems. Multiple methods 
are sometimes used, including shore based, inertial, 
satellite, bathymetric, and acoustic systems. Selec- 
tion depends upon availability, repeatability or 
accuracy, distance of operations from shore, and 
purpose. 

Distance from shore of commercial develop- 
ments in the ocean regions is increasing, with no 
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compensating decrease in the need for accuracy. If 
anything, improved accuracy will be required 
because of increased operating and exploration 
costs at greater distances and in deeper water. 

Geodetic satellite programs cn land are under 
way to establish a worldwide control point system 
to an accuracy of ± 10 meters in an earth-centered 
coordinate system. Applications of satellite meth- 
ods to marine geodesy are under study. Satellites 
offer unique capabilities because they are inde- 
pendent of distance from shore and provide a 
singular reference datum. Current navigation by 
polar orbiting satellites requires supplementary 
methods for continuous positioning in the inter- 
vals between satellite fixes. Uncertainties in ship 
velocity and satellite orbit plus sensitivity to 
azimuth and elevation of the satellite from a ship 
are current sources of error in satellite navigation. 
Inertial navigation systems can be used to keep 
position between satellite fixes. Developments in 
navigation by geostationary satellites promise 
marked improvement through taking simultaneous 
bearings on two or more synchronous satellites 
continuously on station. 

b. Future Needs The U.S. Government may have 
to provide underwater navigation aids as it has 
such surface aids as LORAN and satellite naviga- 
tion (Figure 8). 




Figure 8. Coast Guard LORAN station at 
Nantucket ; Massachusetts . Both LORAN- A and 
LORAN-C signals are transmitted from this 
station. (Coast Guard photo) 

Lack of long range, straightline communica- 
tions or sensing below the ocean surface severely 
limits subsurface navigation. The addition of 



acoustic and optical navigation aids, such as coded 
transponders, would permit periodic check of 
position. Networks of such devices would permit 
sea lanes comparable to air lanes for navigation 
and traffic control. Both surface- and bottom- 
mounted units could be used. Inertial guidance 
systems, if reduced in cost and complexity, cou’d 
be used to extrapolate between navigation marker 
locations. 

Navigation is basic to most surface and under- 
water missions; it must be emphasized, however, 
that position determination is a fundamental 
technology that justifies advancement inde- 
pendently of mission requirements. 

Evaluation of mission requirements for navi- 
gation support reveals that current capabilities are 
inadequate for general nonmilitary purposes. It 
further indicates that advancement of basic navi- 
gation technology, at least in part, should be 
separated from immediate mission requirements in 
order that (1) potentially useful systems not be 
shelved in favor of expediency and (2) a broader 
spectrum of instruments and information systems 
incorporating navigation input be made available. 

Broad future navigational needs range from 
precise sophisticated systems for comprehensive 
ocean surveying to simple, short range, but not 
necessarily inaccurate systems for the occasional 
boating enthusiast. 

The Department of Transportation presently is 
developing a national plan for navigation through 
the U.S. Coast Guard and Federal Aviation Admin- 
istration. The plan will consider the development 
and operation of navigation aids for current and 
future aviation and maritime commerce. It will 
identify areas of U.S. Government responsibility 
for navigation services and the current and pro- 
jected technology to carry out these responsi- 
bilities. 

2. Communications 

a. Current Status The primary communication 
link between submersible^ support ships, and 
bottom habitats is the acoustic underwater tele- 
phone. Communication is slow and difficult, par- 
ticularly when multipaths and reverberation are 
present. For short range communication links 
optical systems may be practicable. 

Transmission of submersible and station status 
and operating data by telemetry is preferable to 
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voice transmission. No satisfactory equipment 
currently exists for this underwater acoustic need. 
Development of higher data rates is greatly de- 
sired. 

b. Future Needs Needed will be a long-range 
acoustic communication system requiring investi- 
gations into the feasibility of new types of 
communication links perhaps through the benthic 
layer or solid earth. In the immediate future, an 
acoustic link must be developed to test and 
improve underwater communications and to sup- 
port advancement of other fundamental ocean 
technology. For later developments, it will be 
required as a primary communication link for 
facilities where cable and radio communications 
are not feasible, as in remote locations. 

Specific developments required for communica- 
tions: 

—High and low frequency sound (infrasound and 
ultrasound) sources and receivers with narrow 
beam and directional characteristics. 

—Acoustic frequency and time conversion meth- 
ods to permit direct usage of a larger portion of 
the acoustic frequency spectrum. 

—Use of refraction layers in the ocean to enhance 
long-range communication and minimize interfer- 
ence from components. 

—Development of acoustic and electronic concept 
to improve signal-to-noise ratio through signal 
manipulation. 

—Exploitation of other possible communication 
media and such advanced technology as lasers. 

Radio frequency communications among ships, 
buoys, surface platforms, aircraft, satellites, and 
shore stations will require adaptation of equip- 
ment to the special requirements of the ocean 
environment (Figure 9). Problems must be solved 
with respect to allocation of frequencies and 
bandwidths necessary to support ocean activities. 

3. Conclusions 

Navigation is basic to most underwater mis- 
sions. Ocean surveying requires the same types of 
basic reference systems and accuracies as on land. 
Satellite navigation improves accuracy on the 




Figure 9. Communications central aboard 
USC&GSS Oceanographer, one of the most 
completely equipped centrals aboard non- 
military U.S . flag vessels, (ESS A photo) 



ocean surface. However, for surveys below the 
surface, for undersea construction, and for geo- 
logical evaluation, the improved surface accuracy 
may be nullified by the underwater navigation 
method used. 

Undersea exploitation is limited by the lack of 
three-dimensional navigation systems, a combina- 
tion of navigation and bathymetry. The ocean 
environment places severe demands upon subsur- 
face navigation. To the extent that subsurface 
transponders or transmitters exist, accuracy is 
limited by original position determination plus the 
inaccuracies of acoustic ranging and direction- 
fixing. 

Acoustic communications are hampered by 
several basic deficiencies which prevent reliable, 
high speed, wide band, accurate, short and long 
range information exchange. Development of un- 
derwater acoustic link equipment is required for 
habitat-to-surface communications. 

Increasing surface traffic, wider utilization of 
submersibles, and future undersea stations and 
operations will require networks of communica- 
tions-navigation aids. 

Long range acoustic communications are diffi- 
cult to achieve. As alternatives, seismic and earth- 
field communications offer interesting possibil- 
ities. 
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Radio frequency equipment must be adapted to 
ocean needs, and frequencies and bandwidths must 
be allocated. 

Re commendations : 

A formal program applying geodetic methods and 
principles at sea should be initiated to achieve the 
following: 

—Establishment of marine geodetic ranges to 
validate and calibrate new systems. 

-Development of improved positioning systems 
for shelf surveys and future extensions seaward. 

—Expansion of geodetic satellite methods to ma- 
rine applications for singular reference datums and 
establishment of geodetic control points. 

—Establishment of a system of navigation aids 
permitting navigation accurate to 150 feet at a 
distance of 200 miles from shore. 

In addition, a comprehensive bread based devel- 
opment program should be undertaken to: 

—Improve subsurface navigation instrumentation 
accuracy and reliability. 

—Reduce navigation instrumentation size, com- 
plexity, and cost. 

—Seek new media and methods. 

—Develop equipment to establish a local vertical 
reference. 

—Pursue research and development of acoustic 
communications and underwater acoustic links. 

—Develop a network of communication-navigation 
aids. 

—Perform research on communications through 
the benthic layers or the solid earth to determine 
their feasibility for employment in undersea opera- 
tions. 



F. Tools 

Those who work in the oceans agree that most 
existing tools are seriously deficient in reliability. 



ease of maintenance, ruggedness, and simplicity of 
operation. Poor underwater visibility intensifies 
the problem. The need to resolve the tool problem 
has resulted largely in using or modifying off-the- 
shelf equipment, but such equipment is not 
satisfactory for the more sophisticated underwater 
tasks. Thus, tools built specifically for underwater 
work should be designed. 

1. Current Situation 

Land tools are designed for an environment of 
low viscosity, high visibility, and negligible buoy- 
ancy. The diver depends upon a vast number of 
these land tools modified for water use, including: 

-Tools for cutting, hammering, torquing, and 
welding. 

—Air tools to provide selected application of 
buoyancy forces. 

-Water jet tools for clearing muds and digging 
trenches. 

—Knives, scrapers, and pry bars. 

The effectiveness of underwater operations is 
vitally dependent upon the adequacy of such 
hardware . 

The basic characteristics-reliability, ease of 
maintenance, ruggedness, endurance, and simplic- 
ity of operation— are more critical for underwater 
hardware tha:_ *or equipment on land. The petro- 
leum industry has modified land equipment skill- 
fully for offshore use. Government agencies, 
oceanographic institutions, and marine equipment 
firms have developed hardware for many under- 
water tasks. However, most existing ocean hard- 
ware items are seriously deficient in the basic 
characteristics. 

Human underwater activity is greatly restricted 
by extremely reduced light transmission in water 
compared to air. Under ideal conditions, vision is 
little more than 100 feet; by comparison, very 
small objects can be distinguished at 2,000 feet in 
clear air. Typically, vision on the continental 
shelves of the world ranges from 5 to 50 feet. 
Where currents keep mud and organic material in 
suspension, vision may be no more than a few 
inches. 
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In order to alleviate these problems, some basic 
studies are being made in tool development; a few 
examples are discussed below. 

The hammer undoubtedly would have devel- 
oped along very different lines had the human race 
evolved in a medium relatively as heavy and 
viscous as water. Considerable energy is wasted 
under water during the travel of the hammerhead 
and shaft prior to impact. An efficient manual 
underwater striking tool could employ a heavy 
streamlined weight traveling a relatively short 
distance along a straight guide. Pneumatic ham- 
mers accomplish the same effect with shorter 
strokes. 

Explosive studs fired from a hand gun to 
penetrate the hull plates of sunken vessels have 
been known since before World War 11. Such tools 
still are somewhat crude, but the possible variants 
warrant further development. By clustering six or 
eight stud guns around the periphery of a circular 
plate with a lifting eye in the center, a very solid 
lifting pad can be attached quickly to almost any 
sunken metal structure. When injecting breathing 
gas or air into a compartment for buoyancy, a 
hollow stud driven through the compartment wall 
can serve as the through-hull penetrator. 

Underwater welding techniques must consider 
the chilling effect of the surrounding water. The 
problem is especially evident with some high- 
yield-strength steels. Methods currently are under 
development to weld in a gas-filled compartment 
erected around the work area. 

Steel can be cut by an electric oxygen torch 
with a hollow electrode. After an arc has been 
struck, oxygen is forced through the center of the 
electrode to bum the hot steel. 

Sonic search devices may be carried by divers in 
poor visibility. A system presently undergoing test 
employs a continuous transmission, frequency 
modulated (CTFM) signal. A hand-held device 
emits an acoustic signal; echoes from obstructions 
modulate the return signal’s pitch conducted to 
the diver’s earphones. A high pitch indicates an 
obstruction at close range. 

Because of high cost, the device is not used 
extensively. Greater effectiveness and lower price 
should result from volume production and compe- 
tition. For many underwater search tasks, a 
wrist-mounted magnetic compass is adequate, but 
not reliable near a wreck or other large ferrous 
structure. 



The Naval Underwater Warfare Center has been 
working on a hydrodynamic winch, a salvage lift 
padeye using explosive bolts, a buoyancy transport 
device which can carry objects weighing up to 
1 ,000 pounds, a position and locating system for 
diver use, and a diver’s underwater homing system. 



2. Future Needs 

There is an urgent need for tools designed 
especially for underwater work. In addition, we 
must consider the scientist’s tasks that will necessi- 
tate good tools. 

Future tool needs include: 

—All-purpose pneumatic wrenches. 

—Self-contained power tools or tools with power 
supplies small enough to be placed in the diving 
bell and that will function for hours on the 
bottom. 

—Tools adapted for scientific work, such as coring 
tools with self-contained power supply, bottom 
samplers with power supplies at or near the diver, 
and marine life sampling tools which do not 
disturb the bottom. 

In summary, the needs are for safer, more 
reliable tools for the commercial diver and special- 
ized tools for the scientific diver. 



3. Conclusions 
Recommendations: 

New, more sophisticated tools are needed for 
deeper diving commercial and scientific divers. (An 
artist’s concept of a futuristic diver working at 
great depths is shown in Figure 10.) To that end, a 
more concerted basic and applied research pro- 
gram must be implemented. Some industrial tool 
companies already are making preparations for 
such work, but Federal assistance would expedite 
progress. A Federally sponsored, long-range re- 
search and development program to provide im- 
proved tools and tool procedures would help, but 
a strong interim capability is needed now to 
support present programs in the commercial, 
military, and scientific community. 
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Figure 10. Artist's concepi of future diver- 
operated jackhammer. 



G. Mooring Systems, Buoys, and Surface Support 
Platforms 

In any underseas activity, surface support usu- 
ally is necessary to monitor and control, provide 
logistic support, render safety and rescue assist- 
ance, and serve as a local terminus of operations. 
In the future submerged support will become more 
frequent. Small moored systems classified as buoys 
have a long history as navigation aids. Use of 
stationary large surface vessels, barges, and plat- 
forms for commercial, scientific, and defense 
purposes is increasing. 

Moored buoys also have collected and trans- 
mitted environmental information from selected 
ocean areas. Study of the feasibility of ocean 
data buoys has lead to formation of a Coast Guard 
project office to develop a National Data Buoy 
System. Unmanned moored data buoy networks 
may be deployed over deep ocean and continental 
shelf areas to measure automatically environ- 
mental parameters under, on, and above the water 
surface and to transmit the information ashore for 



timely use in understanding and predicting the 
marine environment. 

Highly stable ocean platforms like FLIP and 
SPAR have been designed and constructed by the 
U.S. Navy in conjunction with oceanographic 
institutions to collect environmental data. 

Requirements for improved mooring and posi- 
tioning of floating installations will continue to 
increase. Larger surface vessels and platforms, 
offshore airports, harbor facilities, mobile break- 
waters, and multipurpose floating island concepts 
depend largely on improved mooring und position- 
ing systems. 

1. Mooring Systems and Buoys 

a. Current Situation Open water mooring of 
vessels and platforms is the traditional method for 
stationing at sea. Anchor and cable systems are 
used to moor buoys, dredges, pipelaying barges, 
semi-submersible oO rigs, and drilling vessels. Brute 
force mooring techniques have evolved for shallow 
water locations, exemplified by the heavy sinkers 
and chain moorings used by the Coast Guard for 
navigational buoys (Figure 11). Excessive weights 




Figure 11. Typical massive anchor and chain 
for mooring navigational buoys in shallow 
water. (Coast Guard photo) 
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prevent brute force techniques from being em- 
ployed in deeper waters. 

In recent years, dynamic systems have been 
developed to position surface platforms in deep 
water. Water depth, positioning accuracy require- 
ments, operational conditions, and platform size 
economically justify a dynamic positioning system 
for some applications. For most deep water 
floating platforms, however, direct attachment to 
the bottom is necessary. 

New materials are replacing the traditional steel 
cables and chains. Nylon, dacron, and polypro- 
pylene reduce weight and nunimize corrosion 
problems of deep moors. New developments in 
fiber glass cables and chains also promise corro- 
sion-free, high-strength moorings. Connecting de- 
vices of commensurate performance are required. 

The stable surface platform, or specialized 
buoy, must perform a variety of tasks peculiar to 
the ocean environment. Special equipment is 
required to meet these needs. Surface platforms 
and buoys have particular requirements for posi- 
tion accuracy which vary widely. The required 
position accuracy usually is stated with respect to 
geographic location. Horizontal accuracy is de- 
fined as its watch circle (the area to which the 
platform’s horizontal movement is restrained). 

A system for maintaining buoy or surface 
platform position with respect to geographic loca- 
tion or bottom reference for extended periods is a 
primary requirement, except for intentionally-free 
buoys. Fixed moors require techniques to predict 
and counteract forces in the mooring cables. If 
embedment in rock is necessary, explosive anchors 
or equivalent techniques must be used. 

Dynamic positioning systems incorporating var- 
ious thrust control techniques (cycloidal propel- 
lers, directable propulsion units, or bow and stem 
thrusters) must undergo further evaluation at sea. 
Automatic control systems must be developed to 
signal corrective action depending upon inputs, 
surface conditions, and navigational data; an ex- 
perimental system should be built and tested at 
sea. Finally, options between fixed mooring and 
dynamic positioning must be studied. 

The horizontal watch circle in which a moored 
platform may move is influenced by design provi- 
sions. As the watch circle is decreased, greater 
demands are imposed on the anchor, which must 
resist both the horizontal drag of the buoy or 



platform and the vertical pull of the taut mooring 
line. 

Vertical stability can be achieved through ap- 
propriate hull shapes like that of FLIP (Figure 12). 
The platfomTs design characteristics result in a 
hull with minimum response to the forces imposed 
by passing waves. 




Figure 12. Floating Instrument Platform 
(FLIP). Draft is 300 feet in vertical position. 
(Navy photo) 



b. Future Needs Technology leading to more 
stable and durable buoys and platforms is inter- 
related with many disciplines. It begins with a 
better understanding and definition of the winds, 
sea state, and currents over long periods and their 
dynamic interaction with floating vessels and 
platforms. The following specific improvements 
are needed: 

—Methods to survey bottom conditions and pre- 
dict anchoring characteristics of bottom sedi- 
ments. 

—New types of anchors with greater holding power 
in different bottoms at greater depths. 
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—Increased fatigue life of cables and connectors to 
reduce this most common cause of failure in 
mooring lines. 

—Development of materials for higher strength 
chains and cables. 

-More reliable, longer-life shackles, thimbles, swiv- 
els, and other fittings. 

-Improved line tension measuring equipment 
for monitoring and limiting loads imposed by 
floating platforms on mooring cables. 

—Analyses of the coupling of the motions between 
the platform and mooring cable under the excita- 
tion of wind and sea. 

—More sophisticated sensing and control systems 
for dynamic positioning of large drilling ships and 
barges. Dynamic positioning is relatively new, and 
continual advancement will be required to estab- 
lish its economic feasibility under all conditions at 
sea. 

—Low cost (high production) expendable buoy 
technology including deployment concepts appli- 
cable V large-scale buoy systems for use on a 
global or quasiglobal basis. 

Improved technology is expected to allow 
buoys to be positioned in remote areas to report 
synoptically observations via synchronous satel- 
lites using VHF or higher UHF frequencies. Partic- 
ular emphasis should be placed on improved 
reliability so the service interval can be extended. 

2. Surface Support Platforms 

sl Current Situation Human underseas activity, 
except for military submarine operations, has 
required surface support. Development of sub- 
merged support systems will not negate this 
requirement. 

Today the primary operating cost of deep 
submersible s results from the ships and systems to 
support them. Except for high pressure associated 
with gre-vt depths, the greatest and most dangerous 
ocean forces are at the surface with its attendant 
weather and wave system. Great hazards exist for 
the small submersible even in moderate seas during 
launching, retrieval, and transfer of cargo and 
personnel. A few wave lengths below the surface, 
wave effects disappear. 



Avoiding surface effects by using submarines is 
ideal. Long endurance submersible s using nuclear, 
thermodynamic, or other power sources could 
minimize the need for support ships. 

Current surface support systems development 
by the Navy include a new class of ASRs (Figure 
13). These ships, with catamaran hulls, are de- 
signed to support rescue submersibles as well as 
other Navy missions. The ASR is a greatly im- 
proved support platform, but definitely limited by 
wave action in more severe seas. A test support 
ship, the IX-501, will be used for surface support 
of Sealab HI (Figure 14). It depends on moorings 
and relatively protected waters to support test 
operations. 




Figure 13. Artist s concept of first of new 
series of submarine rescue ships (ASR). 
Catamaran hull configuration provides stable 
platform and large working area necessary 
for launching, retrieving , and supporting Deep 
Submergence Rescue Vehicle (DSR V) and 
advanced diving systems. (Navy photo) 




Figure 14. U.S.S. Elk River (IX-501), special 
purpose range support ship first used in Sealab 
III operations , has center well, 65-ton traveling 
gantry crane, deck decompression chambers, and 
two personnel capsules. (Navy photo) 





The Navy is modifying nuclear submarines and 
one diesel sub to test carrying the DSRV piggy- 
back— a promising beginning of an all-weather and 
under-ice submersible support system divorced 
from the hazards of the ocean surface. 

Through its own laboratories and in association 
with academic institutions, the Navy built FLIP 
and SPAR, two deep draft, surface stable platform 
vessels for oceanographic and acoustic research. 
They have proved very successful as stable plat- 
forms; FLIP is reported to have experienced 
vertical motion of only three inches in the 
presence of 35 foot waves. 

The following are important operations per- 
formed by stable surface platforms: 

—Vehicle handling. Launching and retrieving man- 
ned ana unmanned vehicles involves handling 
heavy masses through a very rarely calm, ocean- 
atmosphere interface. Equipment and techniques 
must be improved before launch and retrieval can 
be accomplished safely and routinely. Submerged 
retrieval (involving underwater docking) is a possi- 
bility being developed for the Navy’s Deep Sub- 
mergence Rescue Vehicle. 

-De-ballasting. Mining, construction, and salvage 
operations at continental shelf depths may require 
large quantities of high and low pressure air for 
de-ballasting operations. Routine provision of air 
supplies at depth has not been accomplished. 

—Diver support. A satisfactory surface system is 
required to continuously support extended satura- 
ted diving operations at sea. 

—Logistics. Surface platforms must be supplied 
with materials and personnel while on station. 
At-sea transfer techniques during severe weather 
must be developed; vertical replenishment with 
helicopters offers a possible solution. Platforms 
may be required to provide potable water, electric 
power, high pressure air, heat, supplies, quarters, 
subsistence, and medical care to personnel working 
at the site below. 

b. Future Needs In the past there has been a 
strong inclination to adapt off-the-shelf equipment 
to needs of surface support vessels and platforms, 
resulting in repeated failure of equipment to 
function in an environment for which it was not 
designed. A specially designed stable surface sup- 



port system could provide reliability, relative 
freedom from weather and sea state conditions, 
safer and less costly support, and availability. 

The trend is toward improved support capa- 
bility. Development of new platforms designed 
specially for all-weather submersible support 
whether by submarine or by deep-draft surface 
stable vessel, is strongly encouraged. By 1980, a 
more subsurface Navy and a proliferation of 
commercial submersibies will dictate improved 
suppprt systems capability. Work at continental 
shelf depths and deeper will require surface 
support ships where surface conditions are favor- 
able and where the underwater task is such that a 
surface supported system can be deployed more 
rapidly or economically. For many shelf opera- 
tions large submersibies may perform tasks with- 
out surface support. 

For underwater tasks requiring surface support, 
a variety of ships will be used. It is unlikely that a 
single multipurpose platform could perform all 
support functions. A need exists to investigate 
platform requirements including selected model 
studies and ancillary equipment development. 

Various stabilization systems are already in use 
(e.g., stabilizers, tuned ballast, hull shaping) to 
decrease motion of ships under way. However, 
little has been accomplished for stationary plat- 
forms other than for FLIP and SPAR. Such 
stabilization techniques as mass traps should be 
considered. The traps are formed by two long 
plates held apart at intervals; water inside is 
trapped, providing an apparent mass that dampens 
the motion of the platform. 

A system to maintain a surface platform’s 
position for extended periods with respect to 
geographic location or bottom reference will be 
required. Project Mokole did much for dynamic 
positioning. 

A variety of lifting and emplacement require- 
ments will be put upon future platforms. Available 
equipment or technology provides for lifts up to 
200 tons. Winches stabilized to counteract ship's 
motions during a lift operation have been thor- 
oughly studied- For heavy lift or emplacement in 
excess of 200 tons, a large floating crane or similar 
device must be evahiated. 

3. Conclusions 

Mooring and anchoring techniques and hard- 
ware are inadequate for the heavy load and long 
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exposure demands of present and future deep 
ocean platforms and buoys. Present mooring sys- 
tems employing wire rope encounter problems of 
excessive weight, corrosion, kinking, low elasticity, 
torsional unbalance, and massiveness of handling 
equipment. Systems employing nonmetallic nylon 
or dacron ropes encounter problems of fishbite, 
lack of electrical cables for underwater instrumen- 
tation, and mechanical attachment. 

The National Data Buoy System project under 
the Coast Guard will demand substantial develop- 
ment and improvement in deep ocean mooring and 
buoy technology, from which engineering in many 
other areas will benefit. 

Present support for undersea activities is chiefly 
by surface ships. Experience with FLIP and SPAR 
demonstrates that specially designed hulls can 
maintain remarkable stability under conditions of 
severe sea and weather. Specially designed surface 
stable platforms are necessary to support deep 
ocean vehicles, stations, and activities. The dynam- 
ics of various types of floating platforms are 
sufficiently different that each must be treated 
independently in establishing a satisfactory moor- 
ing system. 

In the future, large stable surface platforms 
may evolve into mid-ocean storage depots, trans- 
portation centers, power stations, etc. (Figure 15). 




Figure 15. Artist’s concept of 'uturs large 
stable surface platform. (North American 
Rockwell photo] 
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1. Biomedicine 

a. Current Situation Fundamental man-in-the-sea 
technology is bio-engineering oriented and is par- 
ticularly concerned with human functions and 
performance undersea. Devices, equipment, and 
materials must be provided which (1) enable man 
to withstand changes in pressure and temperature 
associated with increasing depth for extended and 
repeated periods, (2) accommodate his sensory 
requirements to maintain adequate visibility, 
orientation, feel, and hearing, and (3) provide him 
with directional and locator capability, mobility, 
and tools. 

Although experimental dives have been made to 
depths in excess of 1,000 feet, current technology 
restricts operation to approximately 600 feet for 
relatively short intervals. 

Scuba (untethered diving wherein the diver 
carries his life support system, maintains near 
neutral buoyancy, and enjoys nearly complete 
dexterity) currently is most useful for shallow 
short-duration dives. 

Normally in commercial operations, divers are 
tethered to the surface. The diver receives gas from 
the surface and maintains communication with top- 
side personnel who calculate his decompression 
time. Diver bottom time is increased over scuba. 
Deep diving systems often are employed when 
operations require dives in excess of 300 feet for 
several hours. 

The nucleus of the deep diving system is a 
pressure vessel that serves as an elevator trans- 
porting divers to the underwater site. Many such 
systems provide for mating the personnel trans- 
fer capsule with a deck decompression chamber 
so divers can decompress in relative comfort. Deep 
diving systems eliminate in-water decompression 
and provide backup life support to enhance safety. 

If a man is to work for a long period at a 
particular depth he must adapt physiologically. 
Prolonged living under increased pressures has 
been demonstrated in such saturated diving experi- 
ments as the U.S. Navy’s Sealab and the Cousteau 
Conshelf. Using this technique, after about 24 
hours a diver has absorbed all the gas his system 
will at that depth, and the time he must spend m 
decompression remains the same. Therefore, the 
longer the diver stays, the greater his productive 
time compared to decompression time. 

Saturation diving has been employed in the 
open sea to about 650 feet and probably will be 



extended beyond 1,200 feet in the near future. 
Saturation diving, however, requires expensive 
special life support equipment and instrumenta- 
tion and so is not economical for most current 
operations. 

Special breathing mixtures pose a host of 
physiological and bio-engineering problems. 

(1.) Physiological Toxicity of breathing gases, 
individually and combined, for greater depths is 
not established firmly-particularly for extended 
periods of continuous exposure. 

The total effect upon respiration and metabo- 
lism of operating at greater depths imposes severe 
restrictions on such basic operational parameters 
as rate of ascent, diving depth, duration, and work 
accomplished. For example, the breathing appara- 
tus must precisely measure and control partial 
pressure of oxygen when the concentration is well 
below one per cent. 

Gas density and sound velocity change with gas 
composition and distort the voice, making com- 
munication difficult. 

(2.) Bio-engineering Essentially all engineering 
designs must be revised to accommodate variations 
in density, viscosity, thermal conductivity, and 
other properties of gas mixtures employed. Mate- 
rials, equipment, and instrumentation are subject 
to serious malfunction because of these variations. 
It is a specialized engineering problem, and discre- 
tion must be exercised in employing off-the- shelf 
hardware. 

The Navy’s Biomedical Engineering Program is 
conducted as a coordinated effort of several 
groups. The Deep Submergence Systems Project 
and the Office of the Supervisor of Salvage are 
involved principally with hardware development 
for near-term application. 

The Underwater Bio-Sciences Research Program 
of the Bureau of Medicine and Surgery is a 
comprehensive five-year plan for basic research in 
support of Navy underwater operational require- 
ments. Concurrent human factors research is 
directed by the Office of Naval Research. The 
overall plan was issued by the Chief of Naval 
Development, who enlisted the aid of several 
organizations and the academic community . 

b. Future Needs The following Navy programs in 
underwater biomedical research and development 
are designed to meet future biomedical needs. 
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(1) General physiology 

(a) Cardio-pulmonary physiology. 

(i) Pulmonary ventilation, work of 
breathing, and related studies. 

(ii) Thermal and gaseous effects on circu- 
lation. 

(b) Heat loss and caloric requirements of 
underwater swimmers. 

(c) Nutritional requirements in hyperbaric 
environments. 

(d) Physiological effects and indications of 
stress resulting from prolonged exposure 
to environments. 

(2) Decompression studies 

(a) Study of deep and prolonged dives using 
various mixtures to depths of human 
tolerance. 

(b) Feasibility studies of computer use for 
decompression computations. 

(c) Studies of basic physical-physiological 
factors in bubble formation. 

(d) Development of advanced therapeutic 
procedures for decompression sickness. 

(e) Studies of the effects of chronic ex- 
posures to hyperbaric environments. 

(3) Studies of inert gases and artificial atmo- 
spheres 

(a) Studies of new gas mixtures and effects to 
depths of tolerance or to 2,000 feet. 

(b) Basic and clinical research in oxygen 
toxicity. 

(c) Effects of gases under pressure on cellular 
metabolism and neuromuscular function. 

(d) Solubility and distribution of inert gases 
in body tissues. 

(4) Pharmacology 

(a) Evaluation of drugs in hyperbaric environ- 
ments. 

(b) Pharmacological agents to combat stress 
and fatigue in underwater environments. 

(c) Pharmacologic adjuncts for hyperbaric 
oxygen therapy. 

(d) Prophylaxis and therapy of illness and 
injury from marine life. 

(5) Atmosphere studies: isobaric and hyperbaric 

(a) Trace contaminants toxicity. 

(b) Toxicological appraisal of undersea con- 
struction materials. 



(c) Psycho-physiological effects of air ions. 

(d) General atmosphere studies in isobaric 
closed environments. 

(6) Psychology 

(a) Selection and training. 

(b) Sensory and motor adjustments. 

(c) Psycho-physiological adjustments. 

(d) Group functioning. 



2. Diving Equipment 

a. Current Situation (L) Breathing Rigs Semi- 
closed rigs predominate when diving is sup- 
ported by a submersible chamber. They also 
are used extensively by free swimming military 
divers (Figure 16). The system requires less than 
one-tenth the gas supply of completely open- 
circuit breathing rigs. The diver’s exhalation passes 




Figure 16 . Diver resting a tethered , semi- 
closed breathing rig {Westinghouse photo) 
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through a baralyme or sodalime canister which 
absorbs the carbon dioxide, recycling most of the 
exhaled gas for rebreathing. Semiclosed rigs are 
simpler than closed-circuit, mixed-gas rigs, but the 
improved gas economy (duration) of the closed- 
circuit rig compels its consideration in the future. 

Closed-circuit pure oxygen rigs are very simple; 
however, human physiological reaction to oxygen 
restricts their use generally to depths of 25 feet for 
one hour. Unless there is a basic breakthrough in 
diving medicine, closed-circuit pure oxygen rigs 
will find little application. 

The closed-circuit, mixed-gas rig offers the same 
gas economy as the closed-circuit, pure-oxygen rig 
(Figures 17 and 18). However, the consumption of 
oxygen in the mixture varies with work rate and 
depth, and addition of oxygen must reflect such 
changes. This requires precise sensors and control 
devices that increase cost and complexity while 
degrading reliability. 

Some of the most advanced rigs employ either 
polarographic or fuel cell oxygen sensors. Control 
of partial pressure of oxygen through cryogenic 
technology has been demonstrated. 

Because of the narcotic properties of nitrogen 
in compressed air and the very high air consump- 
tion rates, open-circuit sport scuba rigs and the 




Figure 17. Closed- circuit, mixed- gas breathing 
rig (front view). (Westinghouse photo ) 




Figure 18. Closed-circuit, mixed- gas breathing 
rig (back view). (Westinghouse photo) 



standard hard hat air rigs have little place in 
saturation diving. 

(2.) Protective Clothing Diving often involves 
exposure to cold water, making protective clothing 
essential. Even water that feels warm can result in 
important heat loss if an exposure suit is not worn. 
Notwithstanding the many advances in diving 
technology, much commercial diving still is done 
with the heavy rubber and canvas dress associated 
with hard hat diving invented by Augustus Beebe 
in 1837 (Figure 19). 

A recent notable departure has been the metal 
suits having rigid subsections with movable joints. 
These are one-atmosphere suits; whereas, the hard 
hat suits expose the diver to ambient pressure. The 
1 itest is a development from a space suit. Because 
of the complex geometry of the human anatomy, 
the joints are very difficult to make. To be useful, 
the joints must be flexed easily while an effective 
seal at pressures of several hundred pounds per 
square inch is maintained. 

In the last 25 years, close-fitting, pliable rubber 
lind neoprene suits have been developed for free 
swimming divers. These fall into two main cate- 
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The wet suit is made of closed cell neoprene 
sheets, and consists of a close fitting jacket, 
trousers, hood, gloves, and socks. The layer of tiny 
gas bubbles entrappe d in the closed cell neoprene 
between the cold water and the diver’s body 
provides insulation- The thin film of water inside 
the suit is virtually stagnant and rises very quickly 
to slcin temperature. Because the flexible suit 
material contains gas in closed cells, the increasing 
pressure of depth compresses the material , dirnin- 
ishing its insulating value and the diver’s buoy- 
ancy - 

flea ted suits are among the most recent devel- 
opments; they contain electric heating elements or 
tubes for hot water circulation (figure 20). One 
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new water heated garment consists of a modified 
neoprene wet suit supplied with hot water by a 
hose from the surface or from a diving chamber. 
The hot water enters a simple hose distribution 
system from a control block at the waist and flows 
to the hands and feet. From the extremities, water 
flows back over the diver’s skin and exits from the 
suit to the ocean at the face and neck openings. 

Another diver undergarment contains tubes 
stitched to the fabric, an adaptation from a 
cooling garment used in outer space. Water enters 
at the waist, is piped back again to the waist, and 
returns thence to the heating unit. The tubes 
extend to hands, feet, and fingers. 

The bulk of a suit relying only on the insulating 
value of its material limits diver mobility and 
dexterity. In water below 45°F., insulation will 
not protect fingers inside a glove. When manual 
dexterity is required, mission duration is limited-to 
about one hour. However, a diver can be sustained 
indefinitely in near-freezing water by hot water or 
electrical energy readily supplied. Present technol- 
ogy would require about 500 pounds of silver-zinc 
batteries for the energy necessary for a six-hour 
mission. For this reason, such advanced concepts 
as isotope heat sources are being investigated. 

b. Future Needs The most critical problem with 
exposure suits is development of a light, compact, 
selfcontained energy pack for a free swimming 
diver. The most promising systems rely on silver- 
zinc batteries to supply electrical energy, a pyro- 
technic cartridge to supply heat, or an isotopic 
power source to supply both. Suits produced for 
the astronauts may be adaptable for underwater 
use. Because of the high cost of development, the 
initial versions are likely to be tailored for militaxy 
needs. 

Diving with a selfcontained underwater breath- 
ing apparatus is restricted by the compressibility, 
solubility, and narcotic effects of gases. Increased 
volumes of gases can be made available by cryo- 
genic technology- Another solution would be to 
use breathing mixtures that are not compressible. 
Liquids such as physiologic saline solution are 
likely to behave as biologically inert respiratory 
gas dilutants at great depths, in contrast to 
compressed inert gaseSi 

No excessive amounts of inert gas can dissolve 
in the blood and tissues of a diver with liquid filled 
lungs regardless of depth. Hence, the diver could 



return to the surface regardless of the time spent 
underwater and as rapidly as desired. 

Medical technology has produced artificial kid- 
neys and artificial lungs. It may be possible that 
suitable extracorporeal gas exchangers modeled 
after the gills of fish could be constructed. An 
artificial gill, enabling a diver to obtain oxygen by 
diffusion from the sea rather than from stores 
carried in cylinders, would have obvious logistic 
advantages. Even more important, a diver equip- 
ped with an artificial gill, extracting oxygen like a 
fish from the water, could never be exposed to 
toxic oxygen partial pressures (Figure 21). 





Figure 21. Artist's concept of future diver 
wearing gill-pack. 

The possibility of man exchanging respiratory 
gases directly with an aquatic environment have 
not been explored seriously until the present 
decade, and it is difficult to predict the outcome 
of such research. 

Underwater breathing systems during the next 
few decades will be dictated by the need for 
breathing support related to man existing under 
high pressure. More people will spend appreciable 
time in wet environments operating untethered 
from a habitat or diving system. Therefore, they 
will need compact, reliable systems and the ability 
to eliminate or reduce manyfold the preset, 
decompression time penalties. The technique of 
liquid breathing, anticipated as a revolutionary 
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departure from mixed gas breathing, opens the 
possibility of greatly shortened decompression 
periods. 

Needs in breathing gas technology include: 

—New breathing mixture components that provide 
chemical inertness and nontoxicity without unde- 
sirable changes in density and thermal conductivity. 

—Better understanding of the toxic reactions of 
oxygen, carbon dioxide, nitrogen, and hydrogen. 

—Better understanding of the effects of various gas 
mixtures— one component on another. 

—Data on the physical aspects of respiration under 
water during various levels of physical activity. 

—Better understanding of the aeroembolism pro- 
cesses (blood and tissue gas dynamics) and subse- 
quent establishment of more precise decompres- 
sion procedures. 

—Toxicity of oxygen at high pressure and pro- 
longed exposures. 

—Central nervous system narcosis by nitrogen and 
other inert gases. 

Closely related is the need for bio-engineering 
development to solve the problems of : 

—Equipment and materials to maintain body heat 
balance and to preserve tactile sense, and manual 
dexterity. 

—Increased resistance to breathing under increased 
pressures. 

—Long, slow decompression. 

—Loss of body heat during prolonged submer- 
gence. 

—Impairment of speech by artificial atmospheres. 

—Action of drugs and medical procedures for man 
in the sea. 

Effective, compact, and compatible swimmer 
doppler navigation and sonar systems are needed. 
Today’s support equipment is too heavy, bulky, 
and difficult to integrate into the total diver 
system. 



There is an urgent demand for breathing appa- 
ratus using available breathing gases most effi- 
ciently and for a system to heat diving suits under 
deep sea pressures and temperatures. 

3. Conclusions 

Current diving technology permits operations in 
protected or relatively shallow waters to a depth 
of approximately 600 feet; however, free diving in 
excess of i,200 feet will probably soon be 
realized. With proper emphasis, this capability 
probably can be increased to 2,000 feet or more, 
but there are extremely difficult physiological 
hurdles to be overcome in diving at much greater 
depths. 

Progress of free diving at greater depths is 
retarded by such numerous problems as safety, 
breathing gases, body heat retention, diver speech, 
and decompression. Research and development is 
in progress on these matters. Liquid breathing 
research, if successful, may provide a means of 
attaining depths in excess of 2,000 feet. 

Oxygen toxicities and hypoxia have been exten- 
sively studied, but long-term exposure to such 
inert gas mixtures as helium-oxygen, nitrogen- 
oxygen, or hydrogen-oxygen mixtures at pressure 
has not been studied sufficiently to establish 
appropriate diver exposure limits. Reduction in 
decompression time for saturation divers is ex- 
pected to become a critical economic factor in 
utilization of free divers. 

In engineering designs of diver support equip- 
ment, specialized problems are involved and off- 
the-shelf techniques should be used with discrimi- 
nation. 

The number of deep ocean divers is multiplying 
on all coasts, and saturation diving will become 
common practice in the near future. There is a 
shortage of sustained funding for personnel and 
facilities engaged in advanced diving research and 
medical treatment. 

Recommendations: 

Research should be pursued to make possiole 
effective free diving at depths of 2,000 feet in 10 
years or less, seeking to attain increased depth 
capabilities in 20 years by perfection of liquid 
breathing. 

Research and development should be acceler- 
ated to improve and simplify diving techniques. 
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diver safety, breathing gas technology, body heat 
retention, diver speech, diver nutrition, and de- 
compression technology. 

Experiments should be conducted exposing 
lower animals to inert gases and mixtures up to 
one month at various pressures, temperatures, 
humidities, and activity levels to determine guide- 
lines and limitation of diver exposure. 

A national program to train medical personnel 
and expand facilities for diver medical treatment 
and research should be established. 

I, Environmental Considerations 

The major features of the geophysical environ- 
ment-air, sea, and the land beneath the sea— must 
be understood to further ocean technology. The 
systems and techniques to study these features 
encompass ships, aircraft, satellites, buoy systems, 
undersea fixed platforms, and maneuverable sub- 
mersibles. Much basic technology of marine 
science is at hand to make great progress, but 
efforts are fragmented and information is scat- 
tered. 

A thorough understanding of the following 
factors is necessary for operations in and under the 
sea. 

—Submarine topography, stability of slopes, 
microbathymetry, bottom composition, engineer- 
ing and chemical properties, and bottom currents 
(including turbidity flow). 

-Temperature, salinity, density, dissolved gases, 
pH, Eh, and nutrients. 

—Fouling, bioluminescence, dangerous animals, 
and false-target and sound-scattering organisms. 

-Currents, waves, breakers, surf, internal waves, 
sea level, and tides. 

—Distribution, concentration, and thickness of sea 
Ice. 

-Spatial and temporal variation, deflection of 
vertical anomalies of gravity and magnetism. 

It should not be inferred that knowledge is 
completely lacking in the above factors, but 
improvements in environmental measurement and 
prediction are essential for success in increasing 
national capabilities in the ocean. 



The near-surface environment of the oceans 
varies greatly from place to place and time to time. 
However, near-surface current velocity, sea state, 
visibility, background noise, and sound propaga- 
tion are probably less variable and influential on 
undersea systems than ocean floor and sub-bottom 
environmental differences like bathymetry, sedi- 
ment distribution, and acoustic characteristics. 
The sea floor is much less well known than the 
nearsurface environment. 

Improved techniques for undersea surveys are 
needed for economical and timely completion of 
such needed ocean information as the following: 

—Gross bathymetry, slope, and roughness. 

—Small scale bottom roughness. 

—Sediment shear strength. 

-Liquid-solid interaction and bearing strength. 

-Geological patterns, salt domes, and examination 
of outcrops. 

- Gravity and magnetic readings and false magnetic 
targets. 

-Small scale reflection profiles and seismic charac- 
teristics. 

—Temperature and heat conductance. 

-Circulation and tidal currents, including turbidity 
currents. 

—Internal waves. 

-Behavior of visible light and water clarity. 

—Sound propagation, background noise, and false 
acoustic targets. 

Data collection techniques now utilized (mainly 
analog) require lengthy processing and analysis 
procedures. Use of digital techniques, including 
realtime data collection and processing at sea, is 
increasing, but much still must be done to meet 
basic needs (Figure 22). 

1. Sea Floor and Bottom Strata 

a. Current Situation Submarine topography and 
microbathymetry operations include (1) prepara- 
tion of bathymetric (bottom topographic) charts 
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Figure 22. Computer aboard USC&GSS Oceanog- 
rapher is used for data collection and processing. 
(ESSA photo) 



of the oceans prepared to various scales and 
various contour intervals and (2) studies of the sea 
floor to determine provinces of similar structures 
such as basins, ridges, and rises and to determine 
direction and degree of slopes. 

Location and description of submarine physio- 
graphic features are indispensable to: 

—Determining areas of potential mineral or petro- 
leum deposits. 

—Site selection for bottom installations. 

—Surface or subsurface navigation. 

—Developing sonar techniques for finding new 
fisheries. 

b. Future Needs There have been few major 
developments in bathymetric survey techniques 
and systems since invention of the sonic echo 
sounder and graphic recorder, although progress 
has been made in precision depth recorders and 
side-looking sonars. 

One major step, digital recording of soundings 
as a supplement to graphic recording, has cut 
drasti call y the time required to produce bathy- 
metric charts. This development can be improved 
even further. Faster and more detailed bathymet- 
ric surveying methods based on advances in acous- 
tic, photographic, recording, and other types of 
instrumentation are needed. 



Research into the seafloor’s changing topo- 
graphy and structure also is necessary for both 
military and nonmilitary use. Development of free, 
self-propelled, unmanned undersea probes as well 
as manned exploration submersibles will enhance 
survey capabilities. Such systems must operate to 
depths of 20,000 feet. 

The Navy Shipboard Survey Development Pro- 
gram includes capabilities to take narrow beam 
and wide beam bathymetric data from a cable 
towed instrument package operable to 20,000 
feet. The system includes devices to display 
essential data on a ship’s bridge. The Navy plans 
such capability for 1 1 vessels, 2 of which are now 
in operation, U.S.N.S. Silas Bent and U.S.N.S. 
Elisha Kane . 

2. Bottom Composition and Engineering Prop- 
erties 

a. Current Situation Knowledge of the composi- 
tion, properties, and mechanical behavior of sea- 
floor sediments is essential for designing founda- 
tions, recovering minerals, predicting the behavior 
of vehicles and equipment on or in the ocean 
floor, tunneling, pipeline and cable laying, control- 
ling pollution, disposing of waste, salvaging and 
recovering objects, and interpreting geophysical 
records. In underwater work, soil mechanics must 
be applied in drilling, coring, pile driving, dredging, 
mining, and operations involving penetration into 
seafloor sediments. 

Soil mechanics is established reasonably well 
for engineering tasks on land. With very few 
exceptions, theoretical and applied ocean soil 
mechanics (away from coastal areas) is no more 
than 15 years old. The studies and measurements 
made in this relatively short time are few. High 
pressures, dynamic conditions, and inaccessibility 
contribute to the complexity of the problem. 

The reliability of underwater soil engineering 
data must be better than for land applications. 
Failures o f land structures due to erroneous soils 
data can be remedied and normally are not 
catastrophic. Submerged installations, however, 
are not susceptible to convenient repairs; failures 
can be costly and hazardous. 

Remote sediment sampling from surface ships 
by snappers, dredges, and corers is unsuitable to 
obtain the relatively undisturbed samples needed 
for engineering purposes. In situ sediment sam- 



124 



Vi-63 



pling has been accomplished in shallow waters by 
scuba divers and in deeper water by submersibles. 
Submersibles permit direct observation of the 
sampling process and can acquire samples with 
thin wall devices in the upper six feet of sediment. 

Laboratory experiments on seafloor sediments 
have been conducted using samples recovered by 
coring devices, submersibles, or other means. 
Meaningful engineering measurements can be made 
in the laboratory and related to in situ measure- 
ments. Selective sampling of large areas should 
yield reconnaissance information of wide applica- 
bility such as in preliminary site studies. 

b. Future Needs Prediction of foundation stabil- 
ity should be facilitated by determining such 
sediment properties as permeability and dynamics 
of water movement, depth-dependent stiength 
gradients, compressibility characteristics, and elas- 
tic and plastic equilibrium to predict foundation 
stability- Maso sediment stability characteristics 
include bearing capacity, settlement, slope stabil- 
ity, penetrability, and breakout forces. 

These properties are important to such applica- 
tions as operation of mining machinery on the 
ocean floor, reflection and refraction of sound 
energy striking the ocean floor, geophysical explo- 
ration, and foundation site selection and prepara- 
tion. 

To determine slope stability and layer thick- 
nesses, sediment properties must b° known to 
considerable depths. Properties cannot be deter- 
mined now below the uppermost few feet. Also, 
there is a need to determine the probability of 
occurrence, the properties, and possible effects of 
turbidity currents on installations. Instrumenta- 
tion systems able to remain submerged for long 
periods must be developed. 

Chemical additives or mechanical conditioning 
may be able to increase sediment strength or 
prevent stirring fine particles whic ' reduce visibil- 
ity. However, in some places the need for artifi- 
cially improving visibility is eliminated since strong 
currents carry suspended sediments away. 

Comparative analytical studies of all common 
sediment types are needed to relieve the need for 
detailed in situ sampling. Instrumentation systems 
lowered to the ocean floor could transmit or 
record data on density, sound velocity, shear 
strength, and sediment bearing capacity to quickly 
characterize an area. 



Research and development needed to advance 
undersea soil mechanics capabilities include; 

-Samplers for use by divers, submersibles, and 
surface ships. 

—Instruments for on-site measurements like vane 
shear at several depths within a sediment body. 

-Equipment to take long borings in deep water, 
including techniques to re-enter bore holes. 

—Instrument packages for narrow beam echo 
sounding and high resolution profiling devices :o 
be towed at cruising speeds. 

—Instruments to record properties ot turbidity 
currents. 

Foundation engineering criteria must be estab- 
lished and transformed into pertinent seafloor data 
requirements. Because underwater foundations 
will be constructed on the basis of information 
acquired under adverse conditions, methods are 
needed to inspect them and surrounding soil and 
to effect repairs. 

Interaction between underwater foundations 
and bottom soil can result in the creation of 
complex moments and forces. Techniques are 
needed whereby lateral, uplift, twisting, and over- 
turning forces and moments can be applied and 
measured singly and in combination. Sensors to 
detect changes in pressures, deflections, or dis- 
placements would be useful in surveying the ocean 
floor locally prior to and following construction. 

3. Physical and Chemical Properties of Seawater 

a Current Situation The three properties that 
most affect underwater design are pressure, temp- 
erature, and salinit y. They influence the basic 
physical propeities of seawater- density : specific 
volume, electrical conductivity, compressibility, 
sound velocity, viscosity, and surface tension. 
Osmotic pressure, freezing point, and boiling point 
are determined by salinity only. 

(I.) Density On the average one cubic foot of 
seawater weighs 64 pounds*, one cubic foot of ice 
weighs 56 pounds, and one cubic meter (35 cubic 
feet) of seawater v/eighs one long ton or 2,240 
pounds. However, these values vary with tempera- 
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ture, salinity, and pressure. The water column 
consists of multiple density layers rather than a 
steadily increasing density with depth. A direct 
method to measure density is needed. 

(Z) Acoustic Properties Sound is the principal 
means of communication and detection in the sea. 
For locating objects, positions, and terrain features 
or for probing the nature of sediments, sound is 
essential. Unfortunately, temperature changes with 
depth bend sound waves, and the changes vary 
with time and space. 

-or these reasons, water temperature is the 
ocean property most widely measured. The Navy 
alone makes more than 5,000 temperature sound- 
ings per month. Such data are essential for the 
Naval Weather Service to derive daily maps of 
near-surface sonar propagation conditions. 

Sound from a source in the ocean’s near-surface 
region follows many diverse paths generally classi- 
fied as: 

—Surface duct. Sound travelling la the near-surface 
region. 

—Bottom bounce. Sound reflected off the ocean 
floor. 

—Convergence zone. Refracted sound travelling 
along a deep path and sometimes reinforced with 
energy from the bottom. 

The development of operations in the latter 
two categories requires geophysical data. New 
technology for measuring temperature, salinity, 
and pressure includes: 

— Salinity-temperature-depth system (Figure 23) 
which records water salinity and temperature at 
various depths. 

—Expendable salinity-tempera tv re-depth system. 

—Airborne radiation thermometer which measures 
sea surface temperature by infrared radiation, 
enabling an aircraft or a satellite to quickly amass 
data over a large area. 

—Buoy temperature sensor cables. 

—Expendable bathythermographs for measuring 
temperatures at various depths by surface vessels 
and aircraft- 
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Figure 23. STD sensor for measuring water sa- 
linity, temperature ; and czvth being lowered 
from USC&GSS Oceanographer. (ESS A photo) 



(3. ) Electromagnetic Properties Seawater rapidly 
absorbs almost every wave length in the electro- 
magnetic spectrum- Radio waves (except ex- 
tremely long high-energy waves) are attenuated 
immediately in water. Infrared waves are absorbed 
by v^ater molecules. Ultraviolet, X-ray, and gamma 
rays are absorbed by electrons or atomic nuclei. 
However, water is relatively transparent to visible 
and near-ultraviolet light. 

(4,) Salinity Salinity is defined in terms of 
dissolved solid material in seawater- The salts 
of sodium and chlorine are the most important, 
accounting for approximately 85 per cent. Of 
the various constituents, only calcium is pres- 
ent in a state of saturation; seawater is far 
from saturated with the others. Seawater’s ability 
to dissolve large amounts of solids and gases 
without reacting chemically with them is one of its 
most important properties. 

Sannity varies in different ocean areas; how- 
ever, approximately 90 per cent of seawater falls 
within 34 to 35 parts per thousand. New dis- 
coveries have been made in hot spots where 
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salinities are as high as 240 parts per thousand. In 
some areas gold concentrations are over 600 times 
the ocean average. (Such discoveries could be 
important in ocean mining.) 

The Nansen bottle, developed in the 1890’s, 
still is used to take samples for analyzing seawater 
salinity. Improved instruments are needed to 
sample and measure very deep waters quickly and 
easily. 

The mutual exchange of energy and material 
between ocean and atmosphere at the ocean 
surface depends largely on the chemistry of the 
topmost layer of water. The importance of diffu- 
sion processes near the deep ocean bottom is just 
beginning to be appreciated. In some cases these 
may be studied by such natural tracers as the 
upward diffusion of radium from the sediments 
into the bottom waters. Mixing mechanisms and 
rates between upper, intermediate, and deep ocean 
layers can be studied by artificial radioactive 
tracers as well as natural chemical tracers. 

(5.) Dissolved Gases Gases constitute about 0.25 
per cent by weight of ocean water, their solubility 
decreasing with increasing temperature or salinity - 
The most important and abundant gases in the 
ocean are oxygen, nitrogen, and carbon dioxide. 
Dissolved oxygen is of special interest to undersea 
systems because of its corrosive effect on mate- 
rials. Surface waters are usually saturated with 
dissolved oxygen. 

The amount of dissolved oxygen decreases with 
depth until an oxygemminirnum layer is reached at 
a depth of 2,000 to 3,000 feet. Below this oxygen 
content gradually increases until the bottom is 
reached. Very deep bottom waters frequently have 
an oxygen content approaching that of surface 
water. 

Dissolved oxygen indicates the age of deep cold 
currents entering from surface polar regions. This 
free oxygen is consumed by deep water marine 
life. In waters within the sediments, the oxygen 
content drops radically because of the activity of 
bacteria and bottom dwelling organisms. 

Nitrogen in seawater : occurring as free dissolved 
gas or in such compounds as nitrates, nitrites, and 
ammonia, is essential for living matter and deter- 
mines the growth rate of ocean plants. Sediments 
on the bottom often have only a small amount of 
organic nitrogen, correlating with the concentra- 
tion of organic matter in the sediments and in the 



overlying waters. Carbon dioxide occurs in rela- 
tively large amounts in seawater as carbonates and 
bicarbonates. 

Some ocean areas produce abundant gas bub- 
bles that greatly impede sound waves. In the 
Southern California Bight and in the Red Sea 
virtual curtains of gas continuously are rising 
from the ocean floor. In some areas of high 
productivity or of stagnation (like the Black Sea) 
deep waters produce hydrogen sulfide bubbles and 
contain little or no oxygen. 

(6) Hydrogen Ion Concentration (pH) Values of 
pH, a measure of hydrogen ion concentration 
range from zero (highly acid) through 7.0 (neutral) 
to 14 (highly alkaline). The carbon dioxide con- 
tent mainly determines the pH value of seawater. 
In the deep ocean it generally decreases from 
about 8.3 at the surface to 7.7 at depths between 
1,200 and about 3,000 feet, below which it rises 
to about 7.8. Values as low as 7.5 are found in 
areas of high biological activity because of carbon 
dioxide liberation. Near the shore, the pH may 
drop sharply due to introduction of fresh water 
streams highly charged with decaying vegetation 
and organic matter from the land. Sometimes a 
sharp drop in pH is found immediately above the 
ocean bottom because of carbon dioxide produced 
by such bottom organisms as bacteria. 

(7.) Oxidation-Reduction Potential (Eh) Organic 
matter also has a great effect on the Eh of water. 
(Eh, or oxidation-reduction potential, is a measure 
of the ability to accept or donate electrons, thus a 
measure of corrosiveness.) Seawater approximately 
six feet above sediment sometimes has Eh values 
of zero; below this level and into the sediment, Eh 
may drop as low as -300 millivolts. At the sea 
surface Eh usually is about +300 millivolts. Bot- 
tom topography strongly influences whether zero 
Eh occurs six feet above the bottom or belo v the 
sediment surface. Thus, site selection surveys for 
bottom habitats and installations are necessary to 
anticipate corrosion problems. 

(8.) Radioactivity Disposal of low-activity solid 
radioactive wastes in specified areas of not less 
than 6,000-foot depth is permitted. These wastes 
are sealed in containers and should cause no 
problems to underwater operations. 
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The natural occurrence of radioactive elements 
in seawater is very small, the principal element 
being potassium-40. Man-made radioactive mate- 
rial enters the ocean by fallout. Although seawater 
greatly dilutes these wastes, some radioactive 
elements arc concentrated by biological organisms. 
Ionization chambers, Geiger counters, photo- 
multiplier scintillometers, and similar instruments 
can be suspended from ships to measure radio- 
activity. 

b. Future Needs New techniques to measure 
directly temperature, salinity, and sound velocity 
to greater depths am needed to provide direct 
digital and analog output required for realtime 
data processing. 

Airborne and shipborne deep expendable re- 
cording bathythermographs for direct digital meas- 
urements of temperature versus depth to 20,000 
feet from a moving platform arc needed. Direct 
measurement of sound velocity to great depths is 
required for reliable sonar operation. 

New techniques are required to permit rapid, 
continuous in situ analyses of the important 
chemical properties of seawater and bottom sedi- 
ments, particularly at sites considered for undersea 
installations. 

4. Dynamic Factors 

Ocean energy decreases with depth; therefore, 
practically all the ocean’s environmental energy is 
contained in gravity waves, tides, and currents. Yet 
other factors arc important because of their 
potential hazards. 

a. Gravity Waves Predicting the exchange of 
energy and material across the air-sea interface is 
largely concerned with the growth and decay of 
gravity (wind generated) waves. This aspect has 
progressed well, making available refined forecast- 
ing techniques. Much data on average wave heights 
exist, although data still are lacking on wave 
lengths. Current research is directed primarily at 
the fundamentals of energy exchange, seeking to 
diminish the heavy reliance on observation and 
experimentation. 

Early wave observations consisted primarily of 
random visual observations from ships. Of ques- 
tionable accuracy, these data provide little knowl- 
edge of more sophisticated wave characteristics 
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like spectral components, period of maximum 
energy, and directional behavior. 

Older instruments to measure sea state include 
ship’s wave recorded, photo wave recorders, wave 
poles, and stereo photogram met ry. New instru- 
ments take continuous measurements of the sea 
surface from ships, satellites, and aircraft, provid- 
ing accurate and more complete observations. 

These include (1) the airborne wave meier 
utilizing a radar altimeter device to acquire wave 
structure profiles, (2) a sonic echoing device 
mounted on a ship’s bow to measure waves 
continuously and to compensate automatically for 
ship motions, and (3) cameras on satellites (espe- 
cially in synchronous orbit) to produce photo- 
graphs analyzed for information on sea surface 
conditions. Wave sensors on fixed ocean platforms 
like the Argus Island permit study of storm waves 
not normally measured by ships. 

Subsurface wave motion, surf conditions (im- 
portant derivatives of surface waves), and such 
wave processes as generation, propagation, refrac- 
tion, decay, filtering, and subsurface pressure 
fluctuations are little understood. 

Mathematical models for computer use are 
being developed to reduce complex wave motion 
data to understandable information The Environ- 
mental Science Services Administration is develop- 
ing mathematical models of ocean-atmospherc 
interactions and of the conveyance of heat and 
water. A more sophisticated model of total world 
Hydrology, including sea ice, ground water, and 
other factors, has been developed, but its appli- 
cation is limited by lack of experimental data. 
Instrumentation to obtain pertinent data is vitally 
needed, and the technology to develop it appears 
available. 

Future wave measuring sensors must measure 
not only height but the entire directional spec- 
trum. Knowledge of waves for engineering design 
criteria is lacking. Some numerical analysis tech- 
niques have been developed for design criteria of 
the Polaris ballistic missile and other systems. 
These techniques have been amplified and im- 
proved, but the basic problem of obtaining proper 
measurements has not been solved. 

b. Internal Waves Internal waves are not well 
understood but are known to have an effect on 
underwater sound transmission. Internal waves 
usually are measured by observing short-term 
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temperature fluctuations at given points in the 
water column; however, mofion of the ship or 
buoy from which the instruments are suspended 
could bias results. The very stable FLIP platform 
has been u"ed for internal wave measurements 
with good results. To predict motions in the 
environment adequately, technology is needed to 
measure three dimensional internal wave spectra 
by digital data collection techniques. 

c. Unusual Waves-Tsunamis and Hurricane Waves 
Tsunamis (tidal waves) are formed by earth- 
quakes or by slides that dislocate the ocean floor. 
They are of 200 to 300 miles in length but only 
two or three feet high in deep water. Moving at 
great speeds, they usually are not detectable to the 
eye until they increase to as much as 20 or 30 feet 
in height when approaching coastlines. 

Hurricane waves are difficult to predict because 
the circular motion of hurricane winds causes the 
waves to move at various angles from the path of 
the storm. Hurricane waves generally accompany 
storm surges or storm tides that can run 4 to 15 
feet above normal high water as they move toward 
land. Little effect from surface wave action is felt 
200 to 300 feet below the surface. 

Hurricane research is active, although a storm’s 
course cannot yet be predicted, nor its tury con- 
trolled. Technology is needed to slow the process 
of evaporation of water from the sea in a hurricane 
and to disrupt the convection process that adds 
the extra energy to convert a rain storm into a 
hurricane. Technology is needed also to develop 
improved mathematical mode is of storms. 

d. Thermodynamics The exchange of thermal 
energy affects the thermal structure in the upper 
ocean layers, generation of ocean weather, mainte- 
nance of global atmospheric circulation, and pro- 
pagation of perturbations in climate. Unfortu- 
nately, the process is little understood, and pro- 
gress has been slow mainly because technology is 
not developed sufficiently for the refined observa- 
tions needed to establish more effective theory. 

Ocean heat comes primarily from the sun. For 
undersea operations, however, heat flowing ltonr 
the earth’s crust also is important (Figure 24). It is 
practically uniform on the shelf and in the basins 
but is significantly higher in areas of midocean 
ridges and trenches. Deep drilling into the crust is 
required to impiove knowledge of these phenom- 



ena. The deep ocean depths are the coldest parts 
of the seas (3.8°C average). 




Figure 24. Heat probe for measuring ocean bot- 
tom heat flows and taking core sample being ^ ^ 
lowered from oceanographic sun>ey ship. (ESS A 
photo) 

e. Currents Surface currents are horizontal move- 
ments and include both tidal currents (produced 
by tidal movements of water in ocean basins) and 
circulation currents. Navy interest in currents 
traditionally has centered on their navigational 
effects. New developments in surface and sub- 
merged current measurements include the auto- 
matically recording deep moored telemetering 
buoy. 

Subsurface currents, important to undersea 
operations, include deep-layer vertical movements 
(up welling or sinking) and movements caused by 
tides or large-scale turbulence Shifts of sound 
signals is one way of measuring subsurface cur- 
rents. Long-range sonar is aftected by dynamic 
changes in location and characteristics of ocean 
water masses, thus requiring extensive data on 
currents to be etfective. 

However, obtaining that information in deep 
water is so expensive and time consuming that few 
measurements have been made. A few moored 
current meter arrays have been installed at the 
Navy’s Atlantic Undersea Test and Evaluation 
Center and elsewhere. Variations in current are 
computed from data taken from these arrays 
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and compared with concurrent temperature and 
salinity data. 

Although deep ocean currents are generally of 
low velocity, some evidence exists that these 
currents coupled with the presence of a structure 
could create turbulence, erode the bottom, pro- 
duce a wake of turbid water, and affect founda- 
tion stability. These effects couid make a bottom 
installation more detectable by acoustic means and 
could upset or bury he structure; therefore, 
further investigation of near-bottom currents is a 
necessity. 

f. Hydrospace Handbook At present the ocean 
engineer has no single source of information 
summarizing data on environmental factors and 
their effects on materials and components consid- 
ered in designing ocean systems. The U.S. Air 
Force prepared the Handbook of Geophysics and 
Aerospace Materials Handbooks to provide infor- 
mation for design of aircraft, missiles, and space- 
craft. A hydrospace handbook containing informa- 
tion on environmental factors affecting ocean 
engineering design could be invaluable. One such 
handbook is expected to be released in the near 
future. 

An important function of both industry and 
government will be to assure that such handbooks 
are continuously updated and technical memo- 
randa, failure analyses, and Engineering data to 
help advance ocean capability are published. An- 
other responsibility is in preparing ocean engineer- 
ing texts for teaching and technical reference. 

A possible Hydrospace Handbook outline: 



HYDROSPACE HANDBOOK 



Chapters 

I. The Marine Environment 

a. Properties of Salt Water 

b. Properties of Soil, Silt, and Sand 

c. Hydrostatic Pressure vs. Depth 

d. Sound Propagation 

e. Light Transmission 

f. Wave Motion and Forces 

g. Sea Temperature. Salinity, Density vs. 
Depth (worldwide) 

h. Wave Heights, Storms, Meteorological 
Data, Currents 

i. Navigation Data 



II. Materials 

a. Physical Properties 

(1) Density 

(2) Strength 

(3) Corrosion and Fouling 

(4) Galvanic Table 

(5) Welding Characteristics 

b. Corrosion Protection 

c. Buoyancy Materials 

(1) Efficiency Curve for Cylinder/- 
Sphere vs. Depth 

(2) Syntactic Foam 

(3) Buoyant Outer Hull 

d. Pressure Hull Penetrators 

III. Structural Data 

a. Pressure Hulls 

(1) Shapes and Volumetric Efficien- 

ies 

(2) design Data (Equations for transi- 
tion areas, viewports, hatches, 
buckling) 

b. Wetted Hulls 

(1) Design Data (Unstiffened, ring 
stiffened, ring and stringer) 

c. Simple-Beam Equations for Moment, 
Shear, Deflection 

IV. Fluid Mechanics 

a. Fluid Statics 

b. Real/Ideal Fluid Flow 

c. Fluid Measurements 

d. Flow About Immersed Objects 

e. Drag, Lift, and Cavitation 

V. Thermodynamics 

a. Liquids and Gases 

b. Gas Laws 

c. Refrigeration and Heating 

d. Humidity 

e. Air Conditioning 

f. Modeling Theory 

VI . Hydrodynamics 

a. Basic Relation to Gas Dynamics 

b. Propulsion 

c. Steady/Unsteady Flow 

d. Skin Friction 

e. Shape/Drag Curves 

VII. Electrical 

a. Direct Current Circuits and Power 
Sources 
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(1) Bat lories 

(2) Fuel Cells 

(3) Nuclear 

b. Alternating Current Circuits 

c. IZIectrokinematics and Magnetic Cir- 
cuits 

d. Electrostatics and Dielectric Circuits 

e. Electrical Connectors and Cables 

f. Electromagnetic Interference Reduc- 
tion 

g. Connectors, Conductors, and Cable 
Properties 

VIII . Bio-Engineering 

a. Human Factors 

b. Diver Decompression Tables 

c. Diver Gas Mixtures vs. Depth Tables 

d. Life Support Systems 



sampling, let alone prediction. Yet these data must 
be more reliable for ocean than for land applica- 
tion. 

For military applications (especially in antisub- 
marine warfare) the advent of new detection 
systems utilizing bottom bounce and convergence 
zone modes has emphasized the need to measure 
ocean floor acoustic characteristics. 

Bottom loss characteristics are little known, 
because present systems and techniques are inade- 
quate tc measure detailed topography, acoustic 
properties of sediments at all frequency ranges and 
grazing angles, and bottom losses. The marine 
geophysical surveys sponsored by the Naval Ocean- 
ographic Office have provided new and valuable 
information, but more is needed. 

Recommendations: 



IX. Communications 

X. Safety and Certification 

APPENDIX A- -Table of Definitions 
APPENDIX B- Milestones in Undersea History 

g. Conclusions A great need exists to map 
synoptically the physical and dynamic ocean and 
ocean bottom processes. The expendable bathy- 
thermograph has provided a revolutionary tool to 
map temperatures. Similar systems are needed to 
measure sound velocity, waves, and currents. 

Knowledge of probable extremes in the ocean 
environment is insufficient to establish engineering 
design criteria. Variations within the sea and the 
sea floor are little known or understood relative to 
land variations. Exploitation of the deep sea and 
the continental shelf will require detailed informa- 
tion on the interrelationships of temperature, 
pressure, salinity, and currents and on the effects 
of fouling and corror-ion on materials, bottom 
mounted structures, cables, buoy moorings, and 
systems. 

Underwater soil mechanics affects all missions 
involving objects attached to or in contact with 
the ocean floor. Soils information is important to 
(1) preparation of foundations for structures and 
installations, (2) bottom sitting or crawling sub- 
mersibles, (3) drilling, coring, dredging, pile driv- 
ing, mining, and production, (4) waste disposal, 
and (5) salvage, rescue, and recovery. Soil mechan- 
ics state-of-the-art is not adequate for effective 



New and improved instruments and instrument 
suits must be developed for oceanographic sam- 
pling and measurement including means of: 

—Improving underwater optical visibility. 

—Viewing and recording bottom features without 
using the visible spectrum. 

—Making rapid, in situ, measurements of the mass 
physical properties of both water and marine 
sediments, and of other properties to provide 
engineering data for seafloor construction. 

—Making rapid, continuous in situ analysis of 
chemical properties. Eh, and pH of sea-water and 
bottom sediments. 

—Making rapid, continuous surveys of bottom 
topography. 

A vigorous program should be pursued to 
examine, understand, and determine subsea physi- 
cal, biological, and geological environmental condi- 
tions as they affect engineering design. The data 
critical to engineering design should be accumu- 
lated and published in handbooks, technical 
memoranda, and engineering data sheets and up- 
dated continuously as knowledge permits. 

Effective surface, diver, or submersible- 
emplaced, engineering-oriented, in situ sampling 
and measuring devices must be developed to 
characterize the ocean floor and sub-bottom and 
to study turbidity currents over long periods, if 
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seafloor soil mechanics is to be understood. The 
information derived should be made available in 
engineering design handbooks. Operational tech- 
niques that minimize soil disturbance and ways of 
increasing subsurface sediment structural strength 
must be sought. 

J. Data Handling 

Problems of handling large quantities of diverse 
environmental data will continue to increase rap- 
idly. The technology of fast, high-capacity auto- 
matic data handling systems has increased mark- 
edly in recent years with third generation high- 
speed digital computers now in general use. 

Storage and retrieval systems can provide ran- 
dom access to large masses of data, permitting 
reduction of data storage in the computer itself. 
This advanced technology has not been applied to 
the marine program to any important degree as 
yet. 4 Shipboard computer use was begun fairly 
recently and is increasing However, most of these 
computers are being employed primarily as data 
storage mechanisms, not as realtime data proces- 
sing systems. 



press digital outputs will be necessary to optimize 
information content, especially with buoy sys- 
tems. 

c. Data Processing With shipboard computers in 
oceanographic measurement programs, speed of 
data collection and processing has increased signifi- 
cantly. Much processing is routine as in the 
reduction of Nansen cast data and correction of 
reversing thermometers. Shipboard employment of 
the computer as a realtime data processor has been 
limited. Some use has been made of realtime 
collection and processing systems for acoustic 
studies, especially for and by the Navy. 

d. Data Relay Developments Systems are being 
developed to telemeter data required at sea in 
realtime directly or via relays (ships, buoys, 
satellites, or shore stations) to central data process- 
ing activities (Figure 25). Here the data can be 
immediately interpreted and new instructions sent 
back to the survey vehicle. This offers improved 
accuracy and speed while making possible use of 
simpler, less costly equipment aboard the survey 
vehicle. 



1. Current Situation 

a. Data Gathering Many new instruments for 
collecting oceanographic data have been designed 
for direct digital data collection. Examples are 
sound velocimeters, salinometers, and expendable 
bathythermographs. To date, however, these gen- 
erally have had their own shipboard digital re- 
corders. 

b. Data Display and Recording Both digital and 
analog displays are being used now in marine data 
collection, permitting immediate, rapid data evalu- 
ation and checks on collection quality. However, 
many techniques still are primitive. Strip chart 
records, for example, require laborious manual 
processing and analysis. Digital magnetic types are 
in use but in lengthy experimental programs large 
volumes of tape can be generated, creating a 
storage problem. Therefore, techniques to com- 
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Figure 25. ODESSA system telemeters environ- 

4 The problem of data handling is under intensive mental data from unmanned buoys to ship or 

study by the National Council on Marine Resources and satellite for subsequent nansfer to central data 

Engineering Development. processing facilities. ^ESSA photo) 
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e. Data Storage and Retrieval The data storage 
and retrieval systems now handling marine data are 
antiquated and require either duplicate storage or 
very slow sorting and retrieval procedures. For 
example, the National Oceanographic DataCcnter 
(NODC) docs not possess any random access 
capability. 

The National Oceanographic Data Center han- 
dles primarily ocean station and bathythermo- 
graph data, plus limited geological and biological 
data. NODC does not handle engineering (such as 
fouling, corrosion, and strength of materials), 
bathymetric, magnetic, gravimetric, photographic, 
or many other types of important marine data. 
These data exist at widely scattered locations 
throughout the Nation but could be much more 
useful if in compatible formats and located cen- 
trally. 

2. Future Needs 

Integrated realtime data processing systems are 
needed to handle multiple uses of new, diverse 
instrumentation developed with digital recording 
capability. Thus, computer interfacing is required 
to permit immediate processing of data from these 
instruments in a compatible manner. Progress to 
date must be extended and rapidly accelerated, 
especially in view of anticipated buoy develop- 
ments. 

Random access capability is needed in data 
retrieval from all marine data bases to ensure rapid 
access by users. Random access disks and magnetic 
drums are available but have not been used 
extensively in the marine field, except for selected 
mission-oriented Navy programs. 

3. Conclusions 

A need exists for much greater realtime data 
reduction and analysis at sea by computer or 
through relay to central data processing facilities 
ashore. Computers offer the advantage of reducing 
large quantities of data rapidly into comprehend- 
able format for prompt review and analysis. Daia 
from several ships can be correlated simultane- 
ously. The resulting on-site knowledge would 
peiniit more efficient use of sea time for critical 
measurements and control of data acquisition. The 
technology of operating instrumentation systems 
at sea under adverse environmental and platform 



stability conditions, however, effects the reliability 
of automatic data facilities. 

Currently, the National Oceanographic Data 
Center is developing data bases for physical, 
chemical, geological, and biological data. No data 
bases for important engineering criteria (foaling, 
corrosion, and strength of materials), bathymetric, 
magnetic, gravimetric, bottom photography, and 
sea ice exist. These data are contained in widely 
scattered generating activities and generally are no 
available to meet user requirements. 

Recommendations: 

Standardized computer hardware and software 
systems should be developed for oceanographic 
tasks. Such systems should include data plotting 
and navigational control and should become an 
integral part of all government funded research 
vessels. Since automatic computation equipment 
presently is available for use at sea, future large- 
scale government sponsored and conducted envi- 
ronmental data missions should not be undertaken 
unless onboard automatic realtime data collection 
and processing capabilities are utilized to assure 
the efficient employment of scarce scientific tal- 
ent. 

NODC should be equipped with random access 
capability to increase the speed and efficiency of 
data retrieval under various categories such as 
cruise or institution. Branch data centers should be 
established throughout the nation, the location 
depending upon technical competence and user 
interests. 

To be most effective, NODC should be sup- 
ported entirely as a line item in a single agency’s 
budget. This could be achieved best as an adjunct 
to an expanded Navy ocean mission to support 
national objectives (see Chapters 2 and 4), espe- 
cially since much NODC-held data will be from 
classified Navy missions. 



K. Life Support 

Life support in small submersibles, cargo and 
support submarines, and ocean bottom stations is 
complex md challenging. Fortunately, consider- 
able knowledge and experience exist, a large part 
contributed recently by the National Aeronautics 
and Space Administration, by nuclear defense 
sheltei development, by Navy’s nuclear fleet sub- 
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marine operations, and by the Navy Sealab experi- 
ments. 

3. Current Situation 

Life support activities may be divided into 
seven functions: 

-Atmosphere control (breathing mixture and con- 
taminant control). 

-Climate control (temperature and relative hu- 
midity). 

-Water supply (potable, wash, and machinery 
makeup). 

—Food supply (preparation, refrigeration, freezing, 
and storage). 

—Waste removal (solid and liquid waste products). 

-Habitability (human factors design considera- 
tion). 

-Personnel (crew’s psychological wellbeing). 

a. Atmosphere Control Atmosphere control, al- 
though the most difficult of life support functions, 
is not a new problem. Suomarine and, more 
recently, space vehicle des-gners have devoted 
considerable time and effort to its solution. 
However, only recently have human beings been 
subjected to a completely closed environment for 
extended periods without frequent rotation. 
Miners, although exposed for many hours, have 
daily recuperative periods before re-entry into the 
mine, as do diesel submariners during surfacing or 
snorkeling. Polaris Submariners regularly spend 60 
or more consecutive days submerged with no 
opportunity for their bodies to recuperate. 

Since relatively little is known about the 
cumulative effects of long-duration exposure, it is 
extremely important to keep the atmosphere of 
manned underwater structures as pure as possible. 
Once the desired atmosphere has been defined, 
various methods to maintain it can be analyzed. 

The simplest method is a ducted supply and 
exhaust system with filters using the earth’s 
atmosphere to provide air. This method is appli- 
cable to land-linked mining operations having 
tunnels extending lender the ocean floor or to 
shallow underwater habitats. 



A second method is to bleed fresh air from 
storage tanks, to filter the habitat atmosphere, and 
to pump contaminants overboard. Considerable 
power and frequent resupply are necessary; the 
method has proved to be extremely inefficient in 
providing a uniform clean atmosphere. 

The third and most feasible method is to 
provide a sealed habitat with oxygen supplied 
either from storage nr from an oxygen generator. 
Oxygen storage can be either Ivgh pressure or 
cryogenic; the advantages and disadvantages of 
each must be analyzed for a particular application. 

Oxygen generators have been improved over the 
early years of nuclear submarine operation. The 
current units provide good service but require 
assiduous care in operation and maintenance; 
improvements are necessary to enhance reliability 
and safety. Currently, a very promising oxygen 
generator module (a byproduct of fuel cell re- 
search) is under evaluation for the Navy. 

Chlorate candles and chlorate candle furnaces 
have been used on nuclear submarines. However, 
control is presently impossible, because once 
ignited the whole candle is consumed; hence, an 
automatic system appears impractical. Other meth- 
ods combining oxygen generation with carbon 
dioxide removal are in preliminary stages. Some 
appear promising but only for limited compart- 
ments and small crews. 

Filters, catalytic burners, and carbon dioxide 
scrubbers may be used to purify habitat 
atmosphere. Activated charcoal filters, electro- 
static precipitators, and mechanical means may be 
considered also. Catalytic burners (as carbon 
monoxide-hydrogen burners) perform well with 
little maintenance or adjustment. Carbon dioxide 
removal can be accomplished by liquid scrubbers 
or dry chemical plates. To date only mono- 
ethanolamine scrubbers have proved efficient and 
reliable for large volume purification. Smaller 
volumes may be cleaned by lithium hydroxide 
plates or crystals. 

The problems of sealed atmosphere control in 
submerged structures can be solved with present 
technology, but the system selected will depend 
upon the structure’s volume, crew number, mis- 
sion duration, and to some extent power source 
chosen. 

Another problem is monitoring habitat atmos- 
phere for contamination from materials and con- 
sumables. Hardware in the market for both auto- 
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matic and manual monitoring of atmospheric 
contaminents must be considered. For most com- 
pounds, commercial detection units are available; 
however, each has certain shortcomings. Manual 
sniffers are extremely reliable and should be used 
for backup and checking automatic units. Many 
types of hardware have been employed in existing 
diving systems and subrnersibles. 

Components and materials must be screened as 
soon as preliminary designs are begun. Paints and 
adhesives must be selected with care, for many 
evolve toxic gases during deterioration. Consum- 
ables brought into the structure must be con- 
trolled, including lubn mating oils, halogenated 
hydrocarbon solvents, and aerosol packaged prod- 
ucts. When passed through the catalytic burner, 
many create such chemical derivatives as hydro- 
chloric and hydrofluoric acid vapors, even more 
dangerous than the original products. Similarly 
corrosion, fire, and explosion hazards must be 
eliminated through constant surveillance. 

Emergency breathing stations should be in- 
stalled in numbers to support the occupants while 
rescuing them from the station or raising it to the 
surface. Such a system would have to be closed- 
circuit to preclude excessive internal pressure 
build-up within the vehicle or station, unless 
anticipated rescue time is very short. 

Additionally, backpack breathing sets may be 
furnished for use in contaminated areas. These 
must be untethered to allow wearer to pass 
through a lock. When personnel return from a 
contaminated space, some of that atmosphere will 
be brought into the general living compartments, 
provision must be made to control such contami- 
nation. 

b. Climate Control The function of an air condi- 
tioning system is to remove heat and humidity 
from air used as a heat sink by personnel, 
electronic equipment, and various auxiliary equip- 
ment. Within certain limits, control of compart- 
ment temperature and relative humidity is neces- 
sary for personnel comfort and proper operation 
of internal equipment. 

Design of the air conditioning system will be 
influenced by: 



-Outside w; ter temperature. 

-The need to minimize the number and size of 
pressure hull penetrations. 



Three methods of air conditioning are available: 

—Vapor compression. 

—Absorption. 

- -Thermoelectric. 

Vapor compression systems currently employed 
in submarines are subject to leakase of refrigerant 
vapors at seals, valves, pipe joints, and control con- 
nections. Absorption systems, such as the lithium 
bromide type generally used, are extremely heavy 
and bulky and have a low coefficient of perform- 
ance. Both the vapor compression unit and the 
absorption system use refrigerants hazardous to 
personnel. 

For example, Freon becomes a personnel haz- 
ard at concentrations of 250 parts per million or 
higher. If not removed by the atmospheric control 
system, these vapors can contaminate the atmos- 
phere during long periods of submergence. Fur- 
ther, Freon also can break down into more 
harmful compounds in the presence of such high 
temperature sources as cigarettes, galley ranges, 
and pyrolytic burners. 

Various internal systems convert energy to 
heat, which is ejected into the internal hull 
atmosphere. The heat must be passed overboard to 
the sea, and since many heat sources may be 
localized, the associated heat removal devices may 
be localized. 

The magnitude of heat rejection associated with 
fixed and variable heat loads must be determined. 
Fixed heat loads are generated by internal systems 
which are required for performance of mission 
functions but are essentially independent of crew 
life support requirements. Included are radiation, 
convection, and conduction from hot piping, 
machinery, and electrical and electronic equip- 
ment. 

Variable heat loads are generated principally by 
life support functions. These include heat from the 
waste and water system, galley, food storage 
refrigeration, laundry and showers, metabolic 
water condensation, body heat, carbon dioxide 
absorbing equipment, and the oxygen recovery 
and supply equipment. 

One approach to designing the heat rejection 
system is to eject all waste heat to the sea through 
a single heat exchanger. An intermediate coolant 
can be used to collect waste heat from the various 
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systems. Alternatively, several heat exchangers 
inside and outside the pressure hull can be used. 
Both approaches must be evaluated to determine 
system layout, cost, and safety. 

Another approach employs thermoelectric de- 
vices adjacent to a particular heat source. This 
eliminates movement of large volumes of air but 
requires electrical hull penetrations to a hot plate 
outside. Thermoelectric air conditioning can also 
be used as a heater by the reversal of the power 
supply voltage. 

c. Water Supply Water is required at different 
degrees of purity: potable water for drinking and 
food preparation; fresh water for personal hygiene, 
and rinse water in sanitation, laundry, and dish 
washing. 

Fresh water can be supplied from storage 
tanks or extracted from sea water. For long 
missions and larr ; craws, storage may be impracti- 
cal. Several types of fresh water machines are 
available. For very large installations, combination 
nuclear power generation and fresh water evapora- 
tion plants are possibilities. 

Vapor compression units have been used suc- 
cessfully on submarines and small surface ships for 
years; for steam driven ships, several firms offer 
reliable compact units. 

As part of water management, measures must 
be taken to minimize water discharge. For exam- 
ple, a system must be considered (similar to that 
used in commercial airlines) whereby toilets are 
flushed with water pumped at high velocity from a 
drain collecting tank. The tank will accumulate 
effluent from showers and other sources. 

In general, two basic water management con- 
cepts can be considered. The first is essentially a 
closed system incorporating various forms of 
regenerating waste water while storing on board 
waste products. It involves various filter processes. 
Little or no makeup water will be required in an 
efficiently operating closed system. 

The second system is the conventional open 
system that rejects unprocessed all waste water 
overboard and utilizes sea water distillation as a 
fresh water source. This is presently us^d aboard 
submarines. Fresh water from distillation is stored 
in central tanks. Additional unprocessed water 
may be used for flushing toilers. However, the 
differential bet’-veen the normal internal atmos- 
phere and the ambient pressure of the depths 



argues for a closed system, speci > as depth is 
increased. 

d. Food Supply The food supply can range from 
the prepared variety used by astronauts to the 
kitchen-cooked meals served aboard nuclear sub- 
marines. The latter require space, equipment, and 
additional atmosphere control equipment. Frozen 
meals with wide menu selection and well balanced 
diet could be furnished. Preparation would be 
minimal. Mission duration, crew size and composi- 
tion, power source, and logistic procedures will 
determine the most suitable system. 

e. Waste Disposal Solution of waste disposal 
must consider power and men available, mission 
duration, depth, and location of the habitat (or 
operating depth of submersible? ). Freezing or 
chemical systems supported by between-mission 
replenishment would be most desirable for small 
to medium size crews (15 to 25 men) and less than 
120 days. 

However, for long missions and large crews 
some mechanical means must be utilized. Blowing 
sanitary tanks with compressed air (as in conven- 
tional submarines) requkes greater amounts of 
energy with increased depth; this method becomes 
impractical at great operating depths. In addition, 
sewage must be removed from a habitat's vicinity 
io avoid contamination of intake water and to 
prevent disturbing the scientific environment. 

A closed system could store all liquid wastes in 
a waste receptacle containing a chemical disinfect- 
ant to arrest bacterial activity. Garbage and fecal 
waste could be compressed, treated chemically, 
sealed in drums, and packed in freezer storage 
space as food supplies are consumed. Trash could 
be baled and stored. It is conceivable that little 
additional space and facilities would be required 
for a closed system. 

f. Hahitah'lity Much work is being done in 
human factors iiorn a design viewpoint. In early 
design of habitats, little attention was paid tc 
comfort, because major emphasis was on safety; 
however, that phase has passed. Because of con- 
centration on long periods of underwater habit- 
ability, attention has been focused on the human 
factors. 

Habitability has become a major factor in 
designing for sustained system effectiveness. Cer- 



tain factors like ventilation and lighting may be 
equated directly to performance errors during 
operation. However, design of living quarters, 
recreation areas, and other nonoperationai facilities 
also can affect ultimate performance through 
impact on morale, fatigue, and other factors. 

Other design factors less directly related also 
are important. A significant consideration in the 
crew’s adjustment to isolation and confinement is 
the availability of a safe, reliable escape method. 

g. Personnel More than any research project, 
nuclear submarines have shovm that men can live 
together in close confines for long periods. Person- 
nel selection, mobility, pleasant Surroundings, ac- 
tivity to increase mental stimuli (school, music, 
movies, machinery operation and repair, watch 
standing), sanitary conditions, food preparation, 
atmosphere, sleeping facilities, and crew size must 
be considered in design of a manned underwater 
structure. 

Good communications keep up interest in the 
outside world and offset isolation. This has been 
experienced during Polaris patrols when emphasis 
has been placed on information from families 
ashore, although security regulations permit no 
reply. 

The effects of isolation and confinement upon 
human performance have been considered in 
recent manned space flight programs. Dramatic 
changes have been observed in single individuals 
isolated for several days or weeks. In small groups 
(two to five individuals) some subjects developed 
regressive behavior and feelings of hostility, al- 
though anger seldom was expressed directly. Both 
regression and hostility may, of course, be ex- 
tremely detrimental to performance. The passage 
of time usually increases the effects of other 
stressful conditions like boredom, lack of com- 
munication, sexual deprivation, and machinery 
noise. 

To combat the negative effects described above, 
the habitability of both living and working spaces 
should be enhanced. Several features in the current 
Polaris system, for example, reflect that privacy is 
important to those living in a confined space. 

2. Future Needs 

Life support functions now can be performed 
by any of several methods and equipments. The 



best choice will hinge on engineering analysis 
considering vehicle or station characteristics, mis- 
sion, and cost. Adaptation and improvement will 
be necessary as vehicles and stations become 
larger, operate deeper, and cruise longer, and as 
higher standards or more difficult goals are intro- 
duced. Reliability, maintainability, and endurance 
must keep pace. 

Problems remain with new hardware where no 
prior experience exists upon which to draw-for 
example, the overboard discharge of liquid and 
solid waste and the intake of sea water in 
sufficient volume at depths to 20,000 feet. 

3. Conclusions 

At depths greater than 2,000 feet, transfer of 
sea water in and waste water out of a pressure hull 
demands large energy consumption, a hazardous 
hull penetration, and hardware of special capabil- 
ities. Atmosphere control is by far the most 
difficult life support function. 

5n air conditioning, factors influencing design 
are outside water temperature and number and 
size of pressure hull penetrations. 

Utilization of energy by various internal sys- 
tems results in heat which is rejected to the 
internal hull atmosphere. This ultimately must be 
ejected to the sea. 

Operating depths greater than 2,000 feet have a 
major impact on design of internal systems. 
Because of the danger inherent in taking aboard 
large quantities of sea water and the difficulty of 
discharging waste water at this great depth, a 
carefully planned system of water inventory man- 
agement will be necessary. 

The solution to waste disposal must consider 
power and men available, mission definition, 
depth, and location of habitat or operating depth 
of submersible. 

Recommendations: 

A research and development program is needed to 
provide safe, effective, economical pumps, valves 
and piping to transfer fluids and solids in and out 
of pressure hulls at depths to 20,000 feet. As an 
alternate, a completely closed-cycle water and 
waste system should be perfected. 

Other research and development work on life 
support methods and equipment should be done 
to support the national projects recommended in 



O 

EkLC 



VT76 



137 



Chapter 7 of this report and in particular the 
undersea laboratories, stations, and vehicles. 



Figure 2 r 

LARGE U.S. PRESSURE TEST FACILITIES 
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II. TEST FACILITIES 

The conquest of three strange environments in 
the last 30 years demonstrated the need for 
complete and adequate testing. In striving for high 
altitude operation of military aircraft in the late 
1930’s and early 1940’s engineers quickly dis- 
covered that operating conditions in the rarified 
atmosphere above 10,000 feet were completely 
different. 

They were compelled to design and build 
entirely new environmental simulation facilities to 
test, evaluate, and qualify aircraft engines, electri- 
cal systems, and mechanical systems. Development 
of the B-29 aircraft was delayed at least two years, 
and the jet engine was delayed for an indetermi- 
nate time beyond initial conceptual stages because 
facilities did not exist. 

After the first supersonic flight in October 
1947, the airciaft industry encountered problems 
of adiabatic temperature rise in mechanical and 
electrical components due to ram air compression. 
Entirely new concepts of test equipment were 
essential to simulate high altitude, high tempera- 
ture operation. 

The first Sputnik in October 1957 launched the 
worid into the third new environment, the vacuum 
of space. Recent construction programs on large 
and expensive space simulation facilities again 
forcefully demonstrated that test facilities must be 
provided to conquer a new hostile environment. 

A. Simulation Facilities 
1. Current Situation 

Developing and utilizing the undersea frontier 
may face a completely unnecessary barrier— lack of 
test capability to qualify, certify, and ascertain 
operational readiness and effectiveness of future 
deep operating equipment. Without this capability, 
undersea development will be faced with failures, 
frustrations, wasted effort, and possible loss of 
life. 

Within government and industry there are only 
17 large pressure test facilities capable of simu- 
lating pressure to 2,270 feet (1,000 pounds per 
square inch) and five large tanks capable of 
simulating pressures to 22,700 feet (10,000 psi). 
Figure 26 presents a summary of these facilities. 
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14.0 
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1,000 
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hlTR - Illinois Institute of Technical Research, Chicago 
Southwest Res. - Southwest Research Institute, San 
Antonio, Texas 

NSRDC - Naval Ship Res^rch and Development Center, 
Carder ock a.id Annapolis, Maryland 
NCCCLC - Naval Command, Control, and Communica- 
tions Laboratory Center, San Diego, Cali- 
fornia 

NCEL - Naval Civil Engineering Laboratory, Port Hue- 
rieme, California 

NASL - Naval Applied Science Laboratory, Brooklyn, 
New York 

Perry - Pervy Submarine Builders, Riviera Beach, Florida 
NOL- Naval Ordnance Laboratory, White Oak, Maryland 
NRL - Naval Research Laboratory, Washington, D. C. 
Electric Boat - General Dynamics, Electric Boat Division, 
Groton, Connecticut 

Few enviionmental tests have been conducted 
on structures, external machinery systems, or 
other deep submersible components. As structures 
and components are designed for lighter weight, 
greater strength, and increasingly improved per- 
formance, it becomes necessary to utilize more 
advanced materials, which may affect the perform- 
ance and fatigue life of the systems. 

Navy data indicate that the fatigue life of 
HY-140 steel may be only one-tenth that of 
HY-80 steel, and fiber reinforced plastic pressure 
housings may have a very short life measured in 
only tens of cycles. Simple crush tests will not 
demonstiate expected performance. It will be 
necessary to subject structures and components to 




temperature and pressure low cycle fatigue tests, 
requiring extensive test time. 

Once gross integrity of the hardware system 
and safety of man have been assured, it is 
important to determine mission effectiveness of 
complex manned systems operating in a challeng- 
ing environment. Experience has indicated many 
occasions where complex interaction of vehicle, 
sensors, auxiliary systems, and man require prior 
analysis and simulation to determine overall effec- 
tiveness for mission goals. No simulation facilities 
exist where relevant parameters including pressure, 
temperature, and salinity can be reproduced and 
manipulated to assess their combined effects. 

Navy data indicate a tremendous deficiency in 
simulation test facilities, particularly for great 
depths. 5 A deficiency of 430 test years in tank 
sizes up to 2o cubic feet at pressures over 15,000 
psi was noted, without including the need for 
low-cycle fatigue testing. This deficiency was 
calculated on currently defined five-year funding 
plans and did not provide for an increased national 
effort in the deep sea. 

Equipment testing to less than the full sub- 
merged operating pressures has been necessary due 
to lack of adequate test facilities. For example, 
available facilities restricted testing the pressure 
hull for the first Deep Submergence Rescue 
Vehicle to only 2,700 feet rather than the poten- 
tial 5,000 foot performance capability. The first 
Deep Submergence Search Vehicle (DSSV) capsule 
will be only static tested to its operating depth of 
20,000 feet because no tank will be available for 
cyclic testing until at least two years after delivery. 
No chamber capable of cycling the DSSV or 
similar capsule to operating depth is planned. 

Over the next five years, deep submergence 
programs will pinpoint operational problems en- 
countered in sustained operations at 2,000 and 
20,000 feet. As feasibility of a new generation of 
operational systems is demonstrated, new deep 
diving systems will be developed with markedly 
increased capabilities. 

Military systems could include deeper operating 
attack submarines, new strategic missile sub- 
maiines, and bottom-sitting or bottom-mobile 
systems. If these vehicles were approved for 



production, they would require Navy simulation 
Micility expenditures exceeding $1 billion over the 
next 10 years. 

If deep ocean programs merely doubled over 
the next 10 years, existing and planned test 
facilities would accommodate no more than 20 per 
cent of the required development work, only 10 
per cent of required equipment testing, and no 
testing to certify the fully assembled vehicle. 

Attempted use of off-the-shelf equipment on 
essentially all existing vehicles forced in situ 
testing and resulted in a long list of equipment 
failures. The NR-1 is an exception; all subsystems 
will be tested thoroughly before installation. 
Nevertheless, no facility exists to test the entire 
vehicle before launch. Initial at-sea operation 
without any equipment malfunction is the excep- 
tion rather than the rule. Because deep diving 
submersioles must have much equipment external 
to the pressure hull, many now structural and 
external machinery problems are encountered. 

2. Future Needs 

Progress in undersea systems will necessitate 
testing and evaluating equipment prior to selection 
and installation on vehicles. Testing, evaluation, 
and certification of whole vehicle systems are 
needed to minimize failures during at-sea opera- 
tions. 

In the decade 1970-1980, a proliferation of 
deep ocean simulation facilities will be needed. 
When economical and feasible, test facilities 
should have multiple capabilities. For example, a 
vehicle test facility might be built to accommodate 
diver tests as well. Requirements include: 

-Certification and test facilities for small submers- 
ibles to 20,000 feet. 

—Certification and test facilities for full size deep 
operating submarines and undersea stations. 

— Anechoic test chambers for sonar equipment and 
quiet operating machinery. 

—Coastal engineering facilities. 

-Test facilities for pressure capsules and housings 
to 20,000 feet. 



5 Navy Ship Research and Development Center .Deep 
Sea Simulation Facilities Navy-Wide , Part I, Report C 
2515-1, (NSRDC, Annapolis, Maiyland, 1967). 



—Facilities for testing external machinery and 
power systems. 
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—Facilities for deep operating weapons and explo- 
sives testing. 

—Hyperbaric seawater aquaiia to handle organisms 
which live only at the deepest depths. 

—Small hyperbaric tanks for Capture, transfer, and 
examination of specimens inhabiting the depths. 

—Facilities for calibrating, testing, and evaluating 
oceanographic instrumentation systems. 

B. Hyperbaric Facilities 
1 . Current Situation 

The term hyperbaric facility generally is applied 
to a man-rated pressure chamber complex in- 
tended primarily for experimental studies of hu- 
man behavior and physiology under increased 
ambient pressures. Such facilities have been used 
for therapy and for commercial and military diver 
training. Categories of man-rated chamber uses 
include: 

-Medical and Experimental 

(1) Human physiological research 

(2) Climcal medicine 

(3) Medical therapy 

(4) Biology, especially marine biology 

-Swimmer and Diver Development 

(1) Physiology., including decompression table 
development 

(2) Equipment development, test, and evalua- 
tion 

(3) Mission training and development 

—Saturation Diver Work Systems Support 

(1) Oil and mineral 

(2) Salvage and construction 

(3) Rescue and medical treatment 

(4) Military 

The Navy currently has hyperbaric chambers at 
the Naval Medical Research Institute, Bethesda, 
Maryland, and at the Washington, D.C., Navy Yard 
Annex. The latter houses both the Experimental 
Diving Unit (EDU) and the Naval School for Deep 
Sea Divers, each having hyperbaric complexes 
consisting of four connected pressure chambers. 
An outer lock, an inner lock, and an igloo are on 
one level, a diving tank below. Depth simulation 



capability is approximately 1,000 feet. A sectional 
view of the arrangement is shown in Figure 27. 




The diving tank can be filled to a depth of 
approximately eight feet. A similar facility is 
planned for the Naval Submarine Medical Center, 
New London, Connecticut. The complex at the 
Medical Research Institute, being uprated to a 
1,000-foot capability, has a wet tank depth capa- 
bility of only three feet. 

The 2,000-foot hyperbaric facility being de- 
signed for the Navy Mine Defense Laboratory, 
Panama City, Florida (Figure 28), when completed 
will be the largest, deepest, and most complete 
facility of its kind in the world. One end of the 





Figure 28. Proposed multipurpose pressure fa- 
cility at Navy Mine Defense Laboratory. (Navy 
drawing) 
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wet chamber lias a full-diameter door providing 
access for small submersibles. Support systems 
planned include comprehensive data gathering, 
evaluating, and monitoring devices and a computer 
system to allow simulation of a large open ocean 
area. Preprogramming of entire experimental runs 
and automatic gas control will be possible. Use of 
the chambers will concentrate on diver equipment 
development, evaluation, and training. 

One industrial high pressure simulation facility, 
a three chamber complex, will go into operation in 
early 1969 at Annapolis, Maryland. It is a 
1,500-foot facility with one water filled chamber. 
Support systems include a gas storage and distribu- 
tion system which makes possible charging any 
selected chamber with air or other gas mixtures. 
Decompression may be accomplished manually or 
automatically along a selected decompression 
curve. 

The largest currently operational hyperbaric 
facility is at Duke University, Durham, North 
Carolina. Its five interconnected vessels have more 
than 9,000 cubic feet of volume. The largest, a 
20-foot sphere containing an operating theater, is 
rated to 225 feet of seawater equivalent pressure. 
Three of the vessels, one a wet chamber, are rated 
to 1 ,000 feet. 

The University of Maryland and Ohio State 
University are building hyperbaric facilities with 
1,000-foot capacity. A facility with a 1,600-foot 
seawater rating is nearing completion at the 
University of Pennsylvania in Philadelphia. 

Although there is widespread interest among 
the academic and industrial communities in ocean 
related research and hyperbaric medicine, the 
substantial first cost and operating expense deter 
many. Also, because the field is relatively new, 
hyperbaric projects tend to be uncertain invest- 
ments. More experience is required before the 
pattern for using these facilities is established with 
confidence. 

2. Future Needs 

Research will be needed to better understand 
physiological phenomena, especially with the an- 
ticipated increase in depth of routine operations. 
In determining the limits of human endurance, 
experiments under closely controlled conditions 
are essential so immediate corrective action can be 
taken. In situ testing to determine human limits is 



unacceptable. In addition, much work remains to 
determine optimum decompression schedules. This 
is especially important since deep diving opera- 
tions require several days of decompression. 

Military activities also will be expanding human 
capability limits. Most marked needs will be in 
training and equipment evaluation. Industry is 
building additional hyperbaric facilities, but the 
main emphasis probably will be on exploiting and 
consolidating diving capabilities to depths around 
1,000 feet. Test facilities with wet and dry 
chambers will be needed to permit experimental 
diving to 2,000 feet. 

C. Ocean Test Ranges 
1. Current Situation 

Simulation facilities cannot reproduce certain 
parameters of the ocean environment as the 
long-term fouling effects of marine life and the 
acoustic effects of size. Test and evaluation of 
systems effectiveness during missions requiring 
mobility, search, and use of acoustics generally 
must be performed in ocean test ranges. Noise 
quieting projects require anechoic characteristics, 
not yet satisfactorily simulated in a chamber. 

Many pieces of equipment which work well in a 
laboratory pressure tank fail in the hostile, un- 
known undersea environment. Part of the simula- 
tion problem lies in insufficient understanding of 
which parameters must be reproduced. In addi- 
tion, simply providing temperature and salinity 
control increases costs greatly. Thus, it is often 
desirable to use the sea environment for equip- 
ment development. 

The Navy owns ail but two of the operational 
ocean engineering ranges (Makai Range in Hawaii 
and the University of Southern California range on 
Santa Catalina Island, California). Industry assists 
the Navy in much of its range operations. 

The Navy’s Atlantic Undersea Test and Evalua- 
tion Center (AUTEC), with principal facilities a: 
Andros Island, Bahamas, and St. Croix, Virgin 
Islands, is conducting limited testing. 

When fully completed in 1970, the center will 
have a wide range of capabilities to test undersea 
vehicles, weapons, and weapon systems. Range 
functions will include operational evaluation of 
advanced weapon systems and components, meas- 
urement of submarine noise and other target 
parameters, evaluation of antisubmarine warfare 
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exercises, calibration of low frequency sonar trans- 
ducers, testing of sonobuoys, and test and evalua- 
tion of oceanographic instrumentation and ocean 
engineering developments. Like the model basin 
facilities at the Naval Ship Research and Develop- 
ment Center, AUTEC can be made available for 
commercial and scientific use. Becuase of its 
location, facilities may be valuable in biological, 
chemical, fishery, and other studies. 

An important undersea engineering range is the 
Ocean Engineering Test Range operated by the 
Naval Undersea Warfare Center at San Clemente 
Island, California. This facility can be made 
available to civilian users on a cost reimbursement 
basis. The primary test area is a four by five mile 
tract on the northeastern side of the island, 
featuring graduated plateaus to 4,000 foot depths 
and a two dimensional underwater positioning 
system. 

The site was first developed for full scale Polaris 
underwater launch tests and was also used for 
Poseidon missile tests. The Navy’s Sealab III 
operation will be conducted at this location. 
Planned additions include a marine railway, exten- 
sive pier and breakwater facilities, and a distressed 
submarine simulator to train crews of the Deep 
Submergence Rescue Vehicle. 

The range has a special purpose surface support 
ship, the U.S.S. Elk River (IX-501), converted 
from a World War II landing ship and initially used 
to support Sealab III operations. It has a center 
well, a traveling 65-ton gantry crane, and two deck 
decompression chambers. The U.S.S. Elk River can 
support diver and submersible operations in rela- 
tively quiet waters. 

The Naval Civil Engineering Laboratory, Port 
Hueneme, California, has developed techniques for 
in situ testing to 6,000 feet in the open ocean. 
Their devices include recoverable submersible test 
units, which have carried materials samples for 
periods exceeding one year, and a deep ocean 
instrument placement and observation system for 
in situ measurement of such parameters as shear 
and bearing strength of sediments. 

The Makai Undersea Test Range is being devel- 
oped at Makupuu Point, Hawaii, and will include 
capabilities to 18,000 feet v/ithin 80 miles of 
shore. The range is being developed for man-in-sea, 
deep vehicle, and ocean instrumentation test and 
evaluation. The man-in-sea facilities are nearest to 
completion, scheduled for operational readiness in 



1969 upon installation of a portable seafloor 
habitat complex (maximum depth 580 feet), 
diving equipment, decompression facilities, and an 
operations control center. 

To test mobile systems, especially weapons, 
ranges require detailed oceanographic surveys de- 
pendent on precise navigational control and obser- 
vational techniques. Coordinated, closely spaced 
bottom samples, underwater photographs, and 
depth records provide information for cable 
routing and bottom samples, structure design and 
emplacement- Data collection and emplacement 
techniques will be augmented greatly by use of 
deep submersibles on the AUTEC ranges (Figure 
29). When the need for immediate, continuous 
data are critical, permanent buoy arrays have been 
employed. 




Figure 29. Artist’s concept of Navy’s new 
AUTEC research submarine as it works on 
ocean bottom obtaining scientific data by use 
of instruments emplaced by its remotely con- 
trolled mechanical arms. (Navy photo ) 

2. Future Needs 

In situ test ranges and facilities will continue to 
be important in measuring complete system effec- 
tiveness, instrument calibration, and long-term 
phenomena studies when pressure cycling is not 
important. In such cases, range testing may well be 
less expensive than simulation. 

Ranger must be fully developed and instru- 
mented and contain the proper facilities, including 
in some cases habitable undersea installations and 
submersibles. For testing systems sensitive to the 
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environment, more abundant and accurate oceano- 
graphic data will be required, probably through 
greater use of submersible and advanced buoy 
technology. 

Active participation by industry in establishing 
and operating ranges benefits all marine activities. 
For example, detailed bottom survey measure- 
ments apply directly to ocean mining and to 
search and recovery. Equipment developed for 
range monitoring can be applied in large scale 
environmental monitoring and prediction. The 
wealth of experience accruing from installation, 
operation, and maintenance of various undersea 
systems will become part of the industrial base 
needed to achieve the recommended national goals 
in the oceans, 

D. Contusions 

The necessity of complete and adequate testing 
to conquer a strange environment has been vividly 
demonstrated by aviation advancing into high 
altitude, supersonic, and space flight. The ocean 
environment is difficult and will require a vast 
array of test facilities to permit safe, orderly, and 
rapid progress. Prior operational experience has 
borne this out. Test facilities are a national 
resource as important as any other single factor in 
the advancement of marine technology. Insuffi- 
cient facilities already have and will continue to 
hamper the national ocean program. 

Equipment, instrumentation, and systems de- 
velopment are impeded seriously by a lack of 
environmental simulation facilities. Test tanks of 
two general types are needed to: (1) advance 
fundamental technology and prototype subsystem 
and component evaluation and (2) evaluate vehicle 
and system certification and effectiveness includ- 
ing man-machme interrelationships. The former 
category requires test tanks to simulate tempera- 
ture, salinity, and pressure cycles to great depths. 
The latter requires larger, integrated facilities 
permitting dynamic duplication of relevant para- 
meters. 

The forces of economic development, recrea- 
tion, and national security already have moved 
man into the sea; these forces will grow at an 
increasing rate. Manrated hypei baric facilities are 
needed for medical and physiological research, 
swimmer and diver equipment research and devel- 
opment, training, operational work, and rescue. 



Facilities for physiological research, medical train- 
ing, equipment development, and saturation diver 
operational training are grossly inadequate. The 
limits of human diving endurance cannot be 
determined safely in situ ; closely controlled labo- 
ratory simulation is required. There exists a major 
need for hyperbaric trained medical doctors. Fur- 
ther, amateur divers often preempt government 
facilities for emergency decompression, further 
intensifying the facility shortage. 

Extensively surveyed and instrumented in situ 
facilities and ranges are being developed. These 
facilities have special advantages because of their 
size and total environment reproduction. Much 
work remains, however, to complete range instru- 
mentation and provide such facilities with real 
operational capabilities. Although in theory the 
Navy’s ranges are available to civilian interests, 
they quite appropriately must sen/e Navy needs 
first, thereby intensifying the shortage of range 
facilities. 



Recommendations: 

A national facilities program should be estab- 
lished to (1) determine present and future needs, 
(2) develop and construct new facilities, (3) 
improve test scheduling, (4) maintain an in- 
ventory of national capabilities, (5) provide cri- 
teria to choose between in situ and simulation 
testing, and (6) establish a center of excellence in 
the technology of test tank and ran^e design. The 
program s responsibility should include conven- 
tional and hyperbaric test taiiks and in situ 
facilities. Coast Guard efforts to develop diver 
rescue decompression tanks (including chambers 
capable of being airlifted) should be related to the 
program. 

Major efforts should be pursued to seek new 
and economical methods of simulation, including 
such possibilities as concrete and fiberglas tanks. 
Deep (2,000 to 20,000 foot) anechoic simulation 
technology does not exist anG should receive 
special emphasis. If a breakthrough occurs, acous- 
tic and noise suppression efforts will be greatly 
enhanced through laboratory testing. 

A significant increase in tank and range test 
capabilities is basic to the LJ.S. undersea program. 
The importance of test facilities as a national 
resource cannot be overstated. 
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111. DEEP OCEAN ACTIVITIES 

Most nations border on and are affected by the 
sea; their people appreciate its power and hostility. 
An expression of determination by the United 
States to go forward with a significant marine 
technology program and to establish leadership in 
the understanding and development of earth’s last 
frontier cannot go unnoticed. U.S. prestige surely 
would be enhanced if it pursued the undersea 
frontier on its own initiative; the United States 
would enter international deliberations on the 
utilization of the sea in a position of strength 
based upon knowledge and prior achievement. 

Achieving exploration and assessment of the 
ocean bottom within 10 years and the capability 
to carry out useful operations in the depths within 
three decades requires new technology. 

The oceans are the operating medium of Amer- 
ica’s foremost deterrent in maintaining the balance 
of world power. The United States cannot take the 
risk that a potential antagonist might gain knowl- 
edge the United States does not possess, thereby 
seizing an undersea capability advantage. 

In this report, the deep ocean is defined as open 
ocean areas from the surface to 20,000 feet 
beyond the 2,000-foot depth contour. The 

2.000- foot contour was selected because it is 
beyond the edge of the continental shelf and 
because 2,000 feet is the presently projected limit 
for advanced ambient pressure diving. The 

20.000- foot goal is important because it encom- 
passes all but two percent of the ocean floor and 
approximately 99 per cent of ocean volume. A few 
operations at intermediate depths, such as on 
seamounts and midocean ridges, might justify 
exceptions to the goal. 

The step beyond 2,000 feet represents a tech- 
nological challenge, not so much against a poten- 
tial adversary (although this cannot be certain), 
but against a new frontier. The frontier exists 
primarily because there has not been a national 
commitment to explore, understand, and master 
this promising expanse. 

It should not be implied that the problems are 
not difficult. Experience indicates that operations 
below 2,000 feet are limited by equipment and 
materials capabilities. Existing systems can per- 
form only small amounts of useful work. Tech- 
nical problems exist in developing high strength, 
low cost materials, compact long endurance power 
sources, and machinery and equipment that will 



operate reliably in the cold, corrosive, high pres- 
sure seawater environment. Successful operations 
below 2,000 feet require new approaches expected 
to be valid all the way to 20,000-foot depths. 

Although initial investment may be a little 
higher, no important improvements in early pro- 
gram schedule or nearterm costs would occur if 
the deep ocean technology goal were set incre- 
mentally at depths of less than 20,000 feet. The 
same problems must be solved, and use of the best 
materials on hand would be economically justified. 

In fact, overall costs most likely would be higher 
for a program having depth goals set in progressive 
increments. 

The sections following contain a review of the 
kinds of systems available and likely to evolve in 
performing useful missions in the undersea fron- 
tier. An assessment of the state-of-the-art is made 
with specific recommendations for the future. 
Expected benefits range from military and scien- 
tific to political, social, and economic. 

A. Undersea Systems 

Although nearly 10 years ago the Trieste went 
to the deepest part of the ocean, nearly 36,000 
feet below sea level, submersible technology is still 
in its infancy. The deepest dive known for a 
maneuverable nonbathyscaph was to 8,310 feet in 
early 1968. Yet this craft is but a primitive 
forerunner of future submersible systems. 

It is known that all the way to the bottom 
there is marine life and that high grade minerals 
exist on the seafloor. At the foot of continental 
slopes sedimentary deposits are likely ro contain 
petroleum. Exploration and development of re- 
sources will be enhanced by manned vehicles and 
remote systems that can operate anvwhere in the 
water column. 

It is a great advantage to the scientist to observe 
firsthand the environment he is studying. Ad- 
vanced marine technology can and must give him 
basic tools to extend his senses into the undersea 
frontier to unravel its great mysteries. 

Surveys are needed not only to understand and 
measure environmental conditions but also to 
determine areas worth exploring— what resources, 
where, and in what concentrr lions?— not only on 
the shelf but also in the deep sea. At the same time 
national security demands the ability to inspect, 
examine, or survey any area of interest in the deep 
ocean or ocean bottom. 
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Search, survey, and recovery systems to ex- 
amine the bottom, much as one views land from a 
helicopter, are needed. Desirable capabilities in- 
clude hovering, close station keeping, precise 
navigation, and the ability to return to a given 
spot. The system should be able to take biological, 
geological, and chemical samples (including cores) 
and to map, make bathymetric charts, photograph, 
listen, and touch. The floor must be explored to 
discover exploitable resources, to find hiding 
places, and to study seamounts, volcanoes, and 
mud slides. A 20, 000-foot depth capability will 
permit these operations in almost 99 per centjof 
the world’s ocean volume, covering 98 per cent of 
the ocean’s floor, excepting only the deep tren- 
ches. 

New vehicles and equipment will be needed to 
support and maintain more fixed, portable, and 
mobile undersea systems. As Dr. John P. Craven, 
Chief Scientist of the Navy’s Deep Submergence 
Systems Project has said, “In the long run, 
underwater transfer is the key to effective use of 
the ocean depths/’ Therefore, a key secondary 
mission for rescue vehicles will be underwater 
transfer to supply habitats, stations, and sub- 
marines not in distress. Such vehicles would 
provide deployed underwater installations freedom 
from surface support. 

Inherent to practicability of these vehicles is 
substantial payload capacity. For example, the 
Navy’s Deep Submergence Rescue Vehicle will be 
able to carry internally only 4,300 pounds of 
personnel or cargo. Ambient pressure, wet cargo 
carriers will be necessary to transport thousands of 
tons, especially for mining, construction, salvage, 
and the deployment of instruments arid equip- 
ment. 

The Navy has been pursuing actively its Deep 
Submergence Rescue Vehicle (DSRV) and Deep 
Submergence ‘ .arch Vehicle (DSSV) projects and 
is conducting preliminary studies on a Deep Ocean 
Survey Vehicle (DOSV) and a Deep Ocean Tech- 
nology (DOT) test bed vehicle. These projects are 
of the utmost importance to extend U.S. capa- 
bility and knowledge of the ur iersea frontier. 
Search and rescue projects certainly should receive 
high priority, since the world has lost an average of 
two submarines per year in peacetime. Recently a 
one-half million dollar isotope power source was 
recovered off the Pacific Missile Range after a 
long, extensive search. 



Submersible vehicles of all types-tethered and 
untethered, manned and unmanned-will be useful 
in ocean activities. Once each is developed to its 
full capability, normal comparative studies will 
establish the range of conditions and operations 
for which each is most effective. 

1. Submersible Vehicles 

Submersibles have many operational advan- 
tages. They function in an environment free of 
wave forces and the potential damage and limita- 
tions imposed by adverse weather. They provide 
an ultraquiet platform for acoustic studies. They 
can take advantage of the force of buoyancy to 
emplace or recover objects and, perhaps most 
important, they can bring man into the oceans for 
observation and work. 

а. Current Situation Operational submersibles 
have demonstrated limited usefulness in several 
exploration and inspection tasks. Many special 
purpose oceanographic submersibles exist in a 
wide variety of configurations, hull materials, and 
depth capabilities. Of the 82 proposed or existing 
vehicles for which operating depths are known, 24 
(29 per cent) are planned for operations to at least 

б, 000 feet and only 12 (15 per cent) for opera- 
tions to 20,000 feet. The operating 20.000-foot 
submersibles can be classified as unmaneuverable 
bathyscaphs. Additional technological advances 
are necessary to develop capability for work at 
great depths. 

Typical submersibles (Figure 30) now in opera- 
tion have pressure hulls generally of ring-stiffened 
cylinders or spheres made of high strength steel. 
Maximum speeds vary from two to five knots, 
mission endurance from 4 to 30 hours, and range 
from several miles to about 100 miles. 

Submersibles usually are powered from bat- 
teries located external to the pressure hull, and 
have external propulsion motors. Ballast systems 
typically involve both soft or free-flooding tanks 
blown for additional freeboard and surface stabil- 
ity and tanks or dropable weights to change 
buoyancy at great depths. 

A number of technological deficiencies have 
reduced the efficiency and potential usefulness of 
submersibles. Most are highlighted here; more de- 
tailed discussions may be found in the appropriate 
subsections of this chapter, pages 29-77. 
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Figure 30. Typical commercial submersible 
vehicles currently operational to depths of 
1,000 feet or more 




Ben Franklin. (Grumman photo) Deep Quest. (Lockheed photo) 




Deepstar-4000. (Westinghouse photo) DOWB. ( General Motors photo) 
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Shelf Diver. ( Perry Sub iwrine Builders photo) Star III. (General Dynamics photo) 



Electrical cable failures have resulted from 
tearing by bubbles forming and expanding inter- 
nally upon ascent. Connectors with adequate 
insulation and reliable disconnect properties are 
not available. Essentially no switches, relays, or 
fuses have been designed for ambient operation. 
Usually standard equipment designed r or use in air 
at atmospheric pressure has been modified for 
undersea use by emersing it in oil, which has led to 
some failures attributed to carbon deposits. Per- 
formance of AC and DC electric motors generally 
has been poor because of bearing and insulation 
failures. 

Small submersibles have been severely limited 
by heavy, bulky, inadequate battery power sources 
which require time-consuming recharging. Manipu- 
lators have proved unreliable primarily because 
of electrical distribution and motor difficulties, 
water intrusion, and poor control systems. 

Hydraulic systems operated at very high differ- 
ential pressures have failed becasue of water 
intrusion and incompatibility with certain mate- 
rials. Lubricants operating in high pressure have 
caused bearing failures and efficiency losses due to 
increased viscosity. Pressure compensating oil and 
gasoline used for buoyancy have serious drawbacks 
of combustibility and bulk modulus. 

Underwater communications, navigation, and 
positioning systems and equipments for nonmili- 
tary submersibles are too limited in range and 
accuracy. Materials are deficient in strength-to- 
weight ratios, toughness, corrosion resistance, and 



fatigue strength. Critical limitations exist in ad- 
vanced materials fabrication techniques and testing 
methods. 

b. Future Needs Vigorous pursuit of ocean activ- 
ities will require continuing development, not only 
of fundamental technology but also of submersible 
systems. Submersible use can be forseen in many 
ocean activities: 

—Fish behavior and location studies and undersea 
Fish harvesting. 

-Undersea core drilling, site surveying for pipe- 
lines and structures, and operations to complete, 
inspect, maintain, and repair bottom petroleum 
production installations. 

-Mineral surveys, evaluations, and observation of 
seafloor mining operations. 

-Search, identification, and recovery of lost ob- 
jects. 

—Cargo and personnel transfer to undersea installa- 
tions. Saturated diver delivery to work sites. 

— Suppc.t of scientific studies of coastal and 
oceanic processes including observation, measure- 
ment, and sampling. 

—Ocean surveillance and mapping. 

—Support of underwater equipment. 
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To effect operations, submersibles must be 
designed to fulfill performance criteria for depth, 
endurance, speed, payload, instrumentation, and 
working tools. The vehicles themselves are only 
one part of a total system which includes shore 
bases, support platforms, transportation to work 
sites, maintenance equipment, supply logistics, 
supporting instrumentation and tools, and person- 
nel. Integrated design of the entire system is 
necessary for optimum performance. 

Explon don submersibles will be needed t«.. 
support studies diretced toward utilizing and 
exploiting the oceans. The functions of personnel 
and light cargo transfer and of search and rescue 
should be included in their capabilities wherever 
practicable. Based on the state-of-the-art of man- 
ned and unmanned deep submergence vehicles and 
an examination of anticipated requirements, sub- 
mersible characteristics can be deteimined for 
many anticipated technological development tasks 
with a minimum number of vehicle configurations. 
Characteristics should not be constrained by the 
current technology; rather, they should anticipate 
subsystems and components compatible with fu- 
ture scientific, government, and industrial require- 
ments in the deep ocean. 

Submersible requirements for both shelf (to 
2,000 feet) and deep ocean (to 20,000 feet) 
depths include: 

—Power sources. 

—Propulsion machinery and control, variable bal- 
last, and electrical distribution. 

-Pressure hull, outer hull, and buoyancy mate- 
rials. 

—Navigation and positioning equipment, obstacle 
avoidance and search sonar. 

—Improved manip lators and controls. 

—Magnetic and seafloor anchoring. 

—Underwater communications and viewing. 

—Emergency escape. 

2. Unmanned and Tethered Vehicles 

a. Current Situation Tethered submersibles his- 
torically were typified by diving bells or chambers. 



One cf the best ‘mown one-atmosphere diving 
chambers is the bathysphere in winch William 
Beebe descended to ?. record depth of 3,028 feet 
in 1934. Submersible work chambers used in diver 
operations arc another type of manned, tethered 
system. Some have dual compartments, one at 
one-atmosphere pressure and the other at ambient 
sea pressure with provision for diver entry and 
exit. 

Probably the best known unmanned tethered 
submersible is the Navy’s Cable-Controlled Under- 
water Recovery Vehicle (CURV), operated from a 
surface ship and carrying equipment for photo- 
graphy, television observation, limited search, and 
retrieval of small objects (Figure 31). Such a 
vehicle has unlimited endurance, low initial cost, 
and a capability for round-the-clock operation, 
fne Navy has under construction a CURV type 
vehicle capable of operation to 7,000 feet. 







Figure 31. Navy's cable-controlled underwater 
recovery vehicle ; CUR V 11 - (Navy photo) 

Bottom crawling or rolling submersibles may be 
tethered or untethered, mann d or unmanned. 
Several have been built for special purposes. In 
many cases, obscured vision from disturbed sedi- 
ments limited mission effectiveness. However, a 
bottom crawler would be suitable on hard sedi- 
ments or when turbid water viewing systems (like 
acoustic imaging) become available. Recently a 
research submersible operated very successfully 
along the bottom by ballasting slightly heavy and 
riding on wheels. 

In recent years, several successful tethered 
unmanned vehicles equipped with special instru- 
ment suits have been built. Cable controlled or 
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selfpropelled, they have been used for deep ocean 
search, survey, and research. Examples include the 
Naval Research Laboratory’s towed search system 
used to locate and identify much of the wreckage 
af the submarines Thresher and Scorpion at about 
8,500 feet and the commercial ocean bottom 
side-scanring sonar platforms. 

A self-propelled, torpedo-like instrument pack- 
age with a preset intern il guidance system has 
been developed with 14 000-foot depth capability 
for the Navy. The probo, 122 inches long and 20 
inches in diameter, is launched from and tracked 
acoustically by a surface ship. The system has been 
used for oceanographic and acoustic research— 
gathering data on sound velocity, thermal proper- 
ties, and other physical properties on magnetic 
tape. Sinking instrument packages, launched from 
a ship and later recovered when ballast or an 
anchor is released, are another example of a 
successful unmanned submersible platform. 

b. Future Needs As more efficient underwater 
observational equipment and tools for underwater 
cutting, welding, grappling, hooking, drilling, and 
controlled lifting become available, a vastly ex- 
panded era of undersea construction, salvage, 
mining, and recovery will evolve through use of 
unmanned and tethered vehicles and platforms. 
The state-of-the-art has progressed well, making 
possible design and construction of a wide variety 
of equipment for special application. Further 
development is needed to improve endurance, 
accuracy, control, reliability, compactness, manip- 
ulation, and depth capabilities. 

Gross bottom reconnaissance for site selection, 
geological searches, geodetic surveys, and biolog- 
ical sampling will require a variety of unmanned 
instrument nlatlorms. In some cases, multipurpose 
systems may be a less expensive, quickly available 
interim substitute fer manned submersibles. 

An advanced sea elevator, derivative of the 
diving bell, may effect transfer of man and 
materials from surface support ships and platforms 
to deep ocean installations on or in the sea floor. 
It might carry as many as a score of men and 
supplies to depths as great as 20.000 feet. Eventu- 
ally, its function may be assumed by transport 
submersibles, free from severe waves and weather 
and saving a step in materials handling. The sea 
elevator also may be displaced or supplemented by 
pipelines, air lifts, conveyors, and othc r mechan- 
ical equipment. 



Undersea construction and salvage will require 
heavy duty work systems-the counterparts of 
dredges, power shovels, bulldozers, tractors, pave- 
ment layers, trucks, pile drivers, plows, drills, and 
cranes. Cable controlled or cable towed devices 
will be hampered and endangered by obstructions, 
nearby traffic, and concentration of similar devices 
at a given work site. The hazards of cables suggest 
wireless control links from the control station to 
the device. An alternate approach might be small 
manned submersibles to serve as control cabs fro 
which operators diiect and monitor large work 
devices. 

The competitive marketplace or comparative 
studies for military systems will determine which 
devices-manned or unmanned— will best serve 
particular needs. 

3. Transport and Support Submarines 

a. Current Situation Transport submarines have 
been considered seriously for commercial use from 
time to time. In contrast to surface vessels having 
speed, safety, scheduling, and passenger comfc rt 
governed to a large extent by weather, submersi- 
bles can operate in an environment essentially 
quiet and predictable. 

With the advent of nuclear power, advanced 
structural materials and fabrication techniques, 
and development of submersibles for military 
applications, the technical and economic feasi- 
bility of transport submarines continues to im- 
prove. For transoceanic voyages, the transport 
submarine has been suggested seriously as a carrier 
of bulk liquids weighing less than water. 

A market will exist for recreational submersi- 
bles with large viewing ports if costs are not too 
high. A submersible recently was a top tourist 
attraction in Lake Geneva even though the bottom 
there is quite unspectacular. 

b. Future Needs Whereas some products recov- 
ered from the sea will be transported v.'.a pipelines, 
conveyors, and surface vessels, submarine cargo 
carriers probably will be needed between offshore 
production sites and such intermediate points as 
undersea processing stations, storage tanks, and 
surface platforms. A strong need will exist for 
submersibl^lsupport submarines as high endurance 
motherships for deep operating manned or unman- 
ned submersibles engaged in search and rescue, 
wide-area ocean surveys, site selection, communi- 
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cation-navigation aid emplacement and mainte- 
nance, and salvage— especially in regions where 
ice and severe weather predominate. 

The mother submarine could be the forerunner 
of an undersea logistic vessel supporting a sub- 
merged Navy and a variety of manned bottom 
installations. Further, it could be a mobile under- 
sea support laboratory. Significant performance 
parameters of this mobile support submersible, 
recommended as a National project, would in- 
clude: 

—Depth capability of at least 1,000 feet. A 
2,000-foot depth capability is desirable if the 
primary technology to be developed (submerged 
support) is not compromised. 

-Submerged endurance of at least 30 days, but 
modest speeds of five to 10 knots. Nuclear power 
would be desirable. 

—Transport, launch, recovery, logistic support, and 
command control capabilities for small sub- 
mersibles. 

—Saturated diver lockout, support, and decom- 
pression to at least 1,000 feet, preferably 2,000 
feet as recommended above. Bottom sitting capa- 
bility required. 

-Retrieval and transportation of objects beyond 
the lift capacity of small submersibles. 

—Oceanographic data collection and survey capa- 
bility. 

—Internal and external servicing of submersibles 
while submerged. This servicing would largely be 
performed by saturated divers either in the water 
or in an ambient pressure compartment. 

In addition, designs for transport and submersi- 
ble support submarines and for special terminals, 
including modification of existing ports and devel- 
opment of underwater ports, will be needed. 

4. Military Submarines 

a. Current Situation Many factors are focusing 
upon one unassailable conclusion— thj^ importance 
of the military submersible in modern warfare. 
The advantage gained by concealment under the 
surface is of great importance. The historic success 



of submarine warfare emphasizes the necessity for 
preeminence in this field of military readiness. The 
submarine in the past has developed two of the 
principles of warfare to a fine quality— those of 
surprise and offensive. 

Since World War II a development has taken 
place which has revolutionized the art of sub- 
marine operations and made possible the true 
submersible. No longer is the submarine forced to 
depend on the atmosphere for battery charging 
and human habitation. This development, the 
adaptation of nuclear power to naval propulsion, 
has enabled radically new concepts to be at- 
tempted. 

Many factors, some military and others civilian, 
should be considered in the development and 
construction of military submarines. Russia and 
China are placing increased emphasis on the 
undersea area and are building submarines at an 
increasing rate. Commercial offshore technology 
development and resource recovery activities 
(particularly oil and gas) are accelerating. The 
capability to protect domestic ocean industry is a 
Navy responsibility that must enlarge as offshore 
activity expands. Even if international regulation 
and registration are established for deep sea areas, 
this capability is vital to national interests. 

All of these activities influence Navy programs. 
In addition to well-established roles of antisub- 
marine warfare (ASW) and missile launching, 
requirements for such missions as surveillance, 
intelligence gathering, inspection, and logistics 
support forecast an expanded military subsurface 
role. 

The U.S.S.R. has not-remained unimpressed by 
the advantages of submarine warfare systems; that 
strong nation maintains a huge submarine fleet and 
is rapidly converting its fleet to nuclear propulsion 
without sacrificing numbers. It is important that 
the nation as a whole be apprised of this and hence 
lend support to future oceanic plans and programs. 

Wartime ASW includes detection, classification, 
localization, attack^ and destruction of enemy 
submarines. U.S. submarines have benefited from 
an extensive quieting program, and it would be a 
mistake to assume that the Soviets cannot accom- 
plish a similar objective. Long term reliance on 
present sonar detection, classification, and locali- 
zation systems cannot be an acceptable a 1f crnative. 
Research and development on ASW implications 
of additional depth capability to the sound chan- 



nel and beyond are extremely important and 
should be emphasized. 

The concept of depth has not been neglected in 
the postwar era. The advent of HY-80 steel has 
made possible the deeper employment of military 
submarines. In addition, other materials have been 
utilized for special Navy and civilian submarines, 
generally smaller in size than the military type. 
While much progress has been made in this field, 
new construction materials and fabrication tech- 
niques must be emphasized as they will be needed 
to satisfy future requirements. 

The U.S.S. Albacore has made many contribu- 
tions to ubmarine technology. The nuclear- 
powered oceanographic submersible, the NR-1, has 
great promise as an instrument both for oceanic 
investigation to serve national needs and for 
experimenting with possible future military needs. 

The recently commissioned U.S.S. Dolphin will 
investigate the tactical advantage of deeper depths 
and is a triumph for imaginative planners. The 
Deep Submergence Rescue Vehicle, soon to be 
completed, will provide a capability for personnel 
rescue from any military submersible either in 
being or planned. The Alvin, a Navy-sponsored 
development, was a key recovery vehicle in the 
Palomares (Spain) operation where an aircraft- 
carried nuclear weapon was located and recovered 
in 2,600 feet of water. 

The importance of deep oceans has not di- 
minished since the House Committee on Science 
and Astronautics in July 1960 reported: 

This phenomenon [deep sound channel] may 
serve to introduce to contention by those inter- 
ested in the sea that the most urgent reason for 
penetrating the full depths is military. The sea 
conceals its contents. This gives the submarine its 
enormous advantage of concealment and the con- 
comitant property of surprise. Even with exceed- 
ingly sensitive devices to measure the sub's disturb- 
ance of the earth's magnetic field , detection from 
the surface becomes more and more difficult as 
the craft dives deeper. It may take a deep-diving 
sub to catch a deep-diving sub [emphasis added] . 
Military strategists may thus consider how much 
more difficult the problem of detection would be 
if the entire sea were a military arena , that 
submarines were extremely quiet requiring the use 
of active sonar for discovery and searching were 
necessary throughout the entire volume of the 



ocean , not simply at the limited depth near the 
surface in which submarines now operate. They 
may also choose to consider the far more challeng- 
ing problem of being able to identify a submarine 
or even bottom crawler that has secreted itself 
amongst the hills and valleys of an irregular 
bottom or is simply sitting on a seamount. Just as 
higher altitude performance for aircraft has paid 
off whether it be for combat or for surveillance , 
the extended depth capability of the submarine 
suggests the same potential benefits. 

Submarine-based strategic missiles are vital to 
U.S. deterrent capability. It has been postulated 
that in the future substantially more U.S. strategic 
missiles may be sea-based, not only because of 
reduced vulnerability but also because of the 
special advantage of separating military targets 
from large populations. 

Leadership in understanding the oceans be- 
comes more important when it is realized that 
America’s key strategic deterrent is contingent on 
concealment, mobility, dispersion, and very long 
patrol time. Greater depth capability would pro- 
vide a much vaster operating volume and in some 
areas, a bottom sitting capability, thereby attain- 
ing improved concealment. 

b. Future Needs Man’s projected sea activities 
will demand even more accent on new ideas and 
concepts for underwater effort. Where man goes, 
his problems go, and this extrapolates into possible 
new areas for conflict. The fledgling deep sea 
industry will grow in importance and demand 
sophisticated protection systems. 

The seas suggest that they are the ideal locale 
for locating strategic deterrence systems. Away 
from populations centers, the missile-carrying sub- 
marine is provided with a cloak of concealment 
which defies countering systems. Indeed, the 
Polaris submarine is a triumph of modern science 
and technology and provides an option of an 
assured response. The modern attack submarine is 
a key factor in anti-submarine warfare and un- 
doubtedly will play an ever-increasing role in this 
regard. 

The Navy should accelerate its efforts to attain 
a limited ability in the oceans’ third dimension and 
operate effectively to 20,000 feet within two 
decades. To facilitate going deeper, studies should 
be accelerated to determine the feasibility and 



effectiveness of carrying weapons external to 
submarines. In addition, many technological ef- 
forts discussed in this section on undersea systems 
and in earlier sections on fundamental technology 
will directly benefit deeper operating military 
systems. 

Considered from a different perspective, tech- 
nology developed by 1975 might permit construc- 
tion of a combatant submarine by 1980 (very 
possibly of radically different design) capable of 
operating c;t 4,000 to 8,000 foot depths. Materials, 
welding techniques, penetrations, controls and 
displays, and other advanced technology being 
developed for the Navy’s DSRV, DSSV, and 
Nuclear Research Vehicle (NR-1) should be con- 
sidered for incorporation. The construction of 
some submersible military systems capable of 
20,000-foot operations should be considered. 
Coupled with an extensive research and develop- 
ment program, such systems might provide future 
operational flexibility and an understanding of the 
tactical value of depth. 

5. Conclusions 

Small submersibles capable of descending well 
beyond 2,000-foot depths already exist. As fixed, 
portable, and mobile habitats are established in 
deeper waters, improved submersibles will be 
required for site selection and elementary con- 
struction. Underwater transfer by high payload 
vehicles will be a key to deep ocean use. A useful 
challenge is foreseen in providing 20,000-foot, 
long-endurance exploration submersibles to help 
explore and assess the deep ocean within 10 years; 
20,000-foot work vehicles will follow on a sched- 
ule dictated by needs rather than technology. 
Survey and work submersible prototypes will 
evolve from current vehicle technology and will be 
adapted to meet concurrent needs for rescue, 
salvage, research, and transport assignments. 

In addition, a variety of tethered devices like 
sea elevators, instrument platforms, remote work 
platforms, observation platforms, and bottom 
crawlers will be needed for such operations as 
bulldozing and mineral recovery. They could be 
available well within 10 years for 2,000-foot 
operations and later as needed for servicing under- 
sea habitats at 20,000 feet. 

Deep submersible systems may have overlooked 
some special possibilities. Current designs incor- 



porate a maximum number ol subsystems in spite 
of the premium of space and weight on the 
vehicle. Some subsystems like navigation, record- 
ing, readout, display, and monitoring might be 
located aboard the support vessel. Support vessels 
should be designed and procured as an integral 
part of the submersible system. 

In open ocean areas, especially in ice and severe 
weather regions, submersible support submarines 
will be needed. They will have the special advan- 
tages of all weather availability and covertness. 

With the advent of the Albacore hull, HY-80 
steel, submerged missile launching, and nuclear 
propulsion in the 1950’s, great advancements were 
made in naval seapower. In recent years the 
promise indicated by the Aluminaut, the Trieste , 
the NR-1, titanium, glass, ceramics, HY-180 steel, 
syntactic loam, fuel cells, free flooded machinery, 
and advanced sensors and controls suggest yet a 
new era in naval seapower. 



Recommendations: 

Development and construction of exploration sub- 
mersibles should begin immediately with a goal of 
operations to 20,000 feet in less than 10 years for 
prime assignments in the forthcoming decade of 
exploration of earth’s last frontier. These vehicles 
should have maneuvering agility, sample-taking 
and small object recovery capabilities, and im- 
proved sensors. A National Project for an Explora- 
tion Submersible with 20,000-foot capability will 
directly contribute to these developments. The 
Navy -planned 20,000-foot DSSV should be pro- 
duced with high priority because of its potential 
benefits to other national goals. 

Work vehicles with high payloads should be 
produced as the next priority. Although to serve 
undersea installations, they should be developed 
for adaptation by such commercial interests as 
fishing, petroleum, and mining. Tethered work 
vehicles of the sea elevator variety also should be 
pursued for the transport of men and materials 
from surface or submerged support platforms, 
bottom sites, and structures. 

Unmanned instrument platform and remote 
operating probe technology should continue to be 
developed. Cableless control should receive atten- 
tion so that unmanned systems are not automa- 
tically ruled out by cable considerations. 



Support systems should be an integral part of 
submersible systems development. First priority 
should be given to a submarine support system 
that is itself a continental shelf work system and 
can handle deep submersibles ill a totally sub- 
merged mode. A National Project for a Mobile 
Undersea Support Laboratory should be developed 
within five years. Support systems are needed for a 
variety of purposes including supply terminal and 
logistic functions, power, and life support regen- 
eration. A prototype submerged harbor facility 
compatible with submarine support ships should 
be constructed within 10 years. 

The panel is pleased to note current Navy 
studies on new combatant submarines and their 
roles- The panel endorses in concept the programs 
and funding levels recommended by the Deep 
Submergence-Ocean Engineering Program Planning 
Group. 

The programs recommended by the study 
group combined with those recommended by this 
panel are intended to be responsive to the national 
need. 

Cooperative efforts are imperative between the 
naval and civilian technology groups to determine 
how programs of mutual interest are undertaken 
and to facilitate the very important function of 
technology transfer- 

The panel believes that the national interest is 
best served by having a strong technological 
capability in both sectors. 

All possible encouragement is given to the Navy 
to increase its subsurface capabilities to operate 
anytime, anywhere, and at any depth. 

B. Deep Ocean Installations 

Undersea installations, portable and fixed, will 
have a variety of purposes- Nearterm tasks will 
include understanding the environment, surveil- 
lance, testing, and exploration of living and non- 
living resources- Future uses may include territo- 
rial protection, undersea command and control, 
missile and submarine basing, industrial processing, 
and power generating stations- Characteristics 01 
underwater observatories or laboratories will de- 
pend on surface, water column, and sea floor 
conditions. 

Plants, stations, and bases must be compatible 
with operational constraints. For example, petro- 
leum recovery installations will differ from solid 



mineral extraction, sea food production, and 
underwater transportation facilities. 

However, environmental constraints establish 
many common technological needs. Of basic im- 
portance to site selection, construction, and em- 
placement operations are underwater soil mechan- 
ics, terrain features, and bottom currents. There 
are common needs to develop power sources, 
distribution systems, materials, viewing systems, 
communication equipment, life support systems, 
and waste management and contaminant control 
systems. The fabrication, emplacement, assembly, 
inspection, maintenance, operation, ingress/egress, 
and repair of undersea installations will place 
severe demands on the entire spectrum of undersea 
technology. 

Technology for underwater installations will 
result in part from extended current marine 
technology on mobile undersea vehicles, terrestrial 
civil engineering, and classic naval architecture. In 
addition there will be new design, analysis, and 
building techniques acquired from studies of pro- 
totype installations and component and subsystem 
experiments conducted in relatively large test 
facilities. 

The capability to utilize the continental shelf 
and deep ocean areas continuously may assist in 
preserving future rights of access to ocean depths. 
The recognized U.S. 3 mile limit of the territorial 
seas and the disputed 12 mile limit claimed by 
several nations comprise the only areas that 
currently can be occupied legally. 

It is possible that international law will extend 
the territorial sea concept seaward and allow areas 
adjacent to bottom-oriented activities in the deep 
oceans to be occupied legally. Availability of 
technology and capability to operate in ocean 
bottom areas will encourage utilization of under- 
sea resources and will complement mobile capabili- 
ties described in the previous section on undersea 
systems. 

Within 10 years, all segments of the economy- 
industrial, academic, and government— may have 
undersea installations on the continental shelves, 
and short-time visiting will occur on the slopes, 
seamounts, and in deep sea areas. Because of 
immediate capability and convenience, initial ac- 
tivity will concentrate on the shelves. However, a 
vigorous decade of technology development will 
permit use of selected deep ocean areas for 
commercial or military operations. 
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1. Sea Floor Habitats 

a. Current Situation The United States has not 
placed any habitats at depths below limits of 
saturated diving. Such deep habitats require pres- 
sure vessels in which a one-atmosphere environ- 
ment can be maintained. Vehicles capable of 
transporting men and materials to a bottom in- 
stallation will be needed to allow the habitat to 
remain on the bottom. Power sources, life support, 
and operational equipment must be contained 
within the habitat or in a satellite installation, 
because permanent wire cable contact with the 
shore or surface is undesirable. 

One advanced concept is the Naval Civil Engi- 
neering Laboratory’s Manned Underwater Station 
(Figure 32), designed for 6,000-foot depths. The 
station consists of two main cylinders, one for 
habitation and one for a nuclear power source, 
with small access and observation spheres above 
and below. 




Figure 32. Artist's concept of a manned under- 
water station. (Navy drawing) 



b. Future Needs The first portable bottom labo- 
ratories and stations will likely accommodate only 
small crews of 15 to 25 men. However, if mining, 
industrial, or major military operations suggest the 
desirability of bottom installations, they may 
become substantially larger. 
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For similar sizes, fixed bottom strictures will 
be cheaper than portable habitats However, for 
maximum response to changing situations, and for 
work at several locations the more extensive 
development and added construction expense for 
transportability will be justified. 

Such stations and attendant transfer and logis- 
tic vehicles could be positioned where military or 
commercial needs require, such as for recovery of 
scallops or nodules or for an extended salvage 
operation. Ocean exploration will disclose new 
areas for exploitation in which the ability to move 
manned habitats quickly may be a key to profit- 
able returns. 

Underwater inspection, maintenance, and repair 
will become increasingly important because deteri- 
oration usually accelerates with time. New tools, 
equipment, and nondestructive inspection tech- 
niques must be developed; the last, in particular, 
will be a formidable challenge. Underwater instal- 
lations must be specially designed for maintenance 
and repair in a manner compatible with submers- 
ible capabilities. Improved materials that resist the 
sea environment will be another important factor. 

2. In-Bottom Habitats 

a. Current Situation Construction of in-bottom 
habitats will depend on tunneling techniques long 
used for railroad, subway, automobile, and water 
tunnels. Over 100 undersea mining complexes 
exist under many tens of square miles of continen- 
tal shelf involving thousands of linear miles of 
openings. As many as 4,100 men work in a single 
undersea complex (Figure 33). However, all these 




Figure 33. Machine shop located in a mine 
1,500 feet below sea level off Newfoundland 
coast . (Navy photo) 
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mines have been established by tunneling from 
land. None opens to the water column. To 
construct in-bottom habitats or mines far from 
shore or in seamounts and on midocean ridges, 
tunnels driven directly from the sea floor will be 
required. 

There are three different tunneling system 
requirements: in rock, in soft ground, and opencut 
ditches dredged from the surface. In all cases, 
thorough preliminary geological investigation and 
test borings are essential. 

In recent years great advances have occurred in 
boring machines for use in soft rock. Such 
machines have many cutter bits mounted on a 
large cutter head with a diameter equal to that of 
the bore. The largest boring machine in the United 
States has a cutter head 20 feet in diameter with 
43 cutter bits; five 200 hp motors rotate the head 
at 3.5 rpm. The Soviets have developed a 28-foot 
diameter borer. A 10-foot bore has been driven as 
much as 375 feet in one day and 6,713 feet in one 
month. Advances up to 4,000 feet per week may 
be achieved within the next decade. 

b. Future Needs In-bottom installations will be 
constructed where large concentrations of men 
and equipment are to be assembled for extended 
periods. Sites especially suitable for tunneling are 
seamounts, mid-ocean ridges, and large rock out- 
crops on the continental slope. 

To date, boring machines have proved econom- 
ically feasible only in such relatively soft rock as 
sandstone and shale. Studies are under way to 
develop machines to bore harder rocks. Future 
development should be directed at completely 
mechanized and automated tunneling procedures. 

Rapid tunneling at reduced costs depends on 
perfecting boring machines and on such comple- 
mentary technology as instrumentation to probe 
formations for water flows, grouting, guidance and 
control, lining, and material removal. A need also 
exists to develop systems for remote unmanned 
operation at deep ocean sites. 

Work vehicles will be needed to perform such 
functions as foundation preparation, leveling, and 
drilling. Machines analogous to bulldozers, back- 
hoes, cranes, and emplacement systems will be 
able to take advantage of the buoyancy provided 
by water. 

Systems for boring and drilling into the bed or 
side of a seamount and for placing drill pipe or 
other surface powered devices into an exact 



location will be required. These tasks imply 
vehicles with large capacity power sources or 
availability of a power supply submersible or shore 
power source. They also imply the need for 
reliable large-scale external machinery, including 
motors and drives. 

T;.;ere may be a requirement to establish foun- 
dations by such methods as pile driving on the 
seafloor. More data and prediction methods are 
needed concerning the bearing capacity of large 
diameter piles. 

3. Conclusions 

Dr. Carl F. Austin, of the Naval Weapons 
Center, China Lake, Calif., has said of undersea 
installations: 

The technology to work and live beneath the sea 
floor is in hand at the present time for water 
depths over the entire continental shelves of the 
world excluding areas of permanent ice cover. Let 
us leam to use this technology to our economic 
and national advantage . 6 

Deep ocean installations will be required for 
such activities as understanding the environment 
and its processes, study and exploitation of living 
and nonliving resources, surveillance, terminals and 
bases, and underwater power and processing 
plants. A capability to utilize the slopes, sea- 
mounts, and deep ocean basins may be the best 
and surest way of preserving freedom of access to 
the land masses under the high seas. Manned 
stations— beginning with portable or emplaced 
types and followed by more permanent in-bottom 
types-can achieve continuous deeply submerged 
operations. 

Prototype ambient pressure habitats have been 
built for continental shelf depths, and one- 
atmosphere habitats could be built for limited 
endurance missions at much greater depths using 
existing submersible technology. Many technolog- 
ical needs of both habitats and submersibles are 
similar. On the other hand, certain technology for 
bottom habitats is in its infancy, such as under- 



6 Carl F. Austin, “Manned Undersea Installation, 
Proceedings of the Conference on Civil Engineering in the 
Oceans, American Society of Civil Engineers, September 
1967, p. 83Q. 
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water soil mechanics, foundations, site prepara- 
tion, and underwater construction equipment. 

Commercial mining ventures might be consid- 
ered forerunners of in-bottom facilities. Undersea 
mines have been in operation off the coast of 
England for over 350 years. Tunnels have been 
built under the continental shelves; however, 
tunnels have never originated under water. Such 
operations might be required for seamount labora- 
tories or links between bottom-sitting stations. 
Precise underwater surveying and positioning, un- 
derwater grouting and boring, and heavy equip- 
ment technology are all in their infancy in relation 
to undersea construction. 

Recommendations: 

Underwater working operations will require coor- 
dinated development in many basic engineering 
and component areas. Data are needed on the 
interaction of waves and currents with an installa- 
tion. Adequate underwater power sources, equip- 
ment, and tools must be developed. Visual obser- 
vation. television, and viewing equipment will be 
required as well as command and communications 
systems. Improved materials will be required for 
reliable and long-life installations. 

Technology to support bottom occupancy 
should be undertaken. This includes construction 
work systems, underwater precision surveying, soil 
mechanics, foundation techniques, and submers- 
ible boring machines. Developing systems for 
underwater construction without surface support 
could be economically rewarding. 

An isolated station emplaced on a seamount 
should receive high priority. Within 20 years 
laboratory should be established in waters as 
deep as the Mid-Atlantic Ridge, and before the end 
of the century an ocean bottom station at 20,000 
feet should be built. 

C. Safety, Search and Rescue, and Salvage 

To support undersea activities, it will be neces- 
sary constantly to examine technological progress 
and prepare for potential hazards. Loss of life in 
undersea operations would be not only tragic but 
could be detrimental to the national effort. 

Natural hazards include uncharted obstacles, 
mudslides, sudden strong shifts of subsurface 
currents, marine organisms, tsunamis, and such 
long-term effects as corrosion and fouling. 



Sudden storms and fog affect surface support. 
Other hazards include accidental explosions, espe- 
cially in areas containing undetonated mines or 
torpedoes, and operator error resulting from physi- 
cal or mental ill health. 

Deliberate enemy attack could involve forces 
ranging from conventional depth charges to nu- 
clear explosives. Research is needed to determine 
characteristics of explosions and other hazards at 
great depth. Anticipation of hazards is necessary 
to design, fabrication, installation, certification, 
and qualification of undersea systems and their 
crews. 

Several hazards directly associated with under- 
sea systems— structural failure, powei loss, and 
fire— perhaps are to be most guarded against. Such 
dangers should be anticipated and minimized. 

1. Safety and Certification 

a. Current Situation Orderly progress into the 
undersea frontier demands that safety engineering 
start during the design process, rather than 
holding safety reviews of completed plans and 
actions. Certification of manned vehicles, sea 
elevators, deep diving equipment, and undersea 
habitats should be the responsibility of a qualified 
group. 

Comparative safety of undersea systems is an 
important factor in determining marine insurance 
rates, a substantial addition to the cost of undersea 
operations. System safety and certification are 
equally important to assure that an item is safely 
designed, well built, and adequately tested. Certifi- 
cation is a continuing process that includes con- 
cern for safe operation, maintenance, and over- 
haul. 

It is important that fire, one of the worst 
hazards, be extinguished rapidly. Fire control 
systems use multipurpose powders, gases, foams, 
or water delivered by portable extinguishers, fixed 
pipelines, or manned hoses. Such new agents as 
high expansion foam have been tested and have 
possible undersea application. The National Aero- 
nautics and Space Administration, with a similar 
closed environment problem, has developed infor- 
mation on fire fighting and fire prevention tech- 
niques that may be applicable. 

Whatever the technique, it must work fast; total 
combustion of one pound of cellulose-like material 
in a short period generates smoke, toxic gases, and 
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enough heat to raise the temperature 500 degrees 
in a 12-foot sphere. 

No single agency is assigned responsibility for 
safety and certification. The Navy has published a 
certification manual, Material Certification Proce- 
dures and Criteria Manual for Manned Non- 
Combatant Submersikles (NAVSHIPS Publication 
#0900-02802010), which applies to vehicles on 
which Navy personnel are diving. Legislation pro- 
posed to Congress would vest in the Coast Guard 
responsibility to certify undersea systems. Both 
the Marine Technology Society (MTS) and the 
American Bureau of Shipping (ABS) are issuing 
guidelines for safety and certification of manned 
submersibles. The guides are similar in many 
respects. MTS’s Safety and Operational Guidelines 
for Undersea Vehicles will serve as an initial 
standard for the industry, while the ABS guide, 
willingly or unwillingly, will be followed by those 
who wish to enjoy the reduced insurance pre- 
miums compliance would bring. The Deep Sub- 
mersible Pilots Association (DSP A) has published 
Guidelines for the Selection , Training , and Qualifi- 
cation of Deep Submersible Pilots. This material 
was contained in early form in the MTS guidelines 
and now is available in revised form from DSP A. 
All these documents will be very useful to the 
operator and the prospective operator of undersea 
systems. None, however, to date has the force of 
law. 

b. Future Needs Research programs are needed 
to determine the likelihood of accidents, the 
extent of danger, and methods for anticipating the 
hazards involved. This information should be made 
available to the designer. 

Emergency escape capability is needed. One 
approach is the detachable buoyant crew capsule, 
used on Alvin and the Autec vehicles, operable by 
the crew or by rescue teams. Another is to develop 
points for easy attachment of lift cables. 

Protection from fire is one of the most severe 
problems. Technology must be developed to: 

—Minimize the presence of combustibles. 

—Precipitate or remove smoke particles rapidly. 

—Inhibit the spread and duration of fires. 

—Extinguish fires without overloading air purifica- 
tion systems. 



-Minimize and/or isolate sources of ignition. 

Materials to be used internally should be tested for 
flammability and behavior at high temperature. 
Methods to suppress fire with powder or inert gas 
will not be feasible without auxiliary oxygen 
breathing apparatus. In compartmentalized vehi- 
cles the crew must be able to retreat from a fire, 
seal off the area, and oxygen-starve the fire or 
extinguish it with built-in systems. 

An authority for control of ocean system 
safety, certification, operation, and maintenance is 
needed, possibly similar to the combined Federal 
Aviation Administration/Civil Aeronautics Board 
control over aircraft. The group could serve as a 
source of information on system safety and, like 
Underwriters Laboratories, could develop lists of 
safe materials, equipments, and methods. It would 
investigate accidents, report on causes, and make 
recommendations to prevent recurrence. 

The Coast Guard seems the logical agency to 
exercise this authority. Appropriate legislative 
action would be required to extend the control 
now vested in the Coast Guard for surface ship 
activity to underwater operations. Its authority 
would extend over the safety of vehicles, diving 
chambers, underwater power plants, diving sys- 
tems, on-bottom and in-bottom underwater habi- 
tats, and underwater storage facilities. Criteria for 
review authority would be that a failure could 
affect human life and safety, seriously disrupt the 
environment, or damage property of a second 
party. 

2. Search and Rescue 

a. Current Situation The Navy has a surface fleet 
of 10 submarine rescue vessels (ASR) which carry 
McCann chambers. Dependable operation of the 
chambers requires diver support. As a result of 
recommendations of the Deep Submergence Sys- 
tems Review Group (DSSRG) following the loss of 
the US.S. Thresher , the Navy (DSSP) has placed 
contracts for two Deep Submergence Rescue 
Vehicles (DSRV). The first DSRV will be ready 
for sea trials in 1969 and will be operational in 
1970. Design studies for another DSSRG recom- 
mended system, the Deep Submergence Search 
Vehicle (DSSV) to operate at 20,000 feet, have 
been completed, and a prototype vehicle contrac- 
tor has been selected. 
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Although both vehicles can be used for search 
purposes, the DSSV has no undersea rescue capa- 
bility, and the DSRV capability is limited to 
submarines modified for the purpose. On April 26, 
1968, Hon. Paul Ignatius, Secretary of the Navy, 
in an address to the National Convention of the 
Navy League, Honolulu, made the following an- 
nouncement concerning utilization of the DSRV 
by non-U. S. Navy groups: 

/ am pleased to announce at this time that the 
United States is willing to share with other 
nations the obvious benefits provided by the 
Deep Submergence Rescue Vehicle. A document 
has been prepared giving details and technical 
specifications of this submarine rescue system 
which will be available to foreign navies on request 
through normal diplomatic channels. Nations in- 
terested in this rescue system can modify their 
submarines so that in the event one becomes 
disabled on the ocean floor , it can be mated with 
the U.S. rescue vehicle. This is another example of 
this country's willingness to cooperate in oceanic 
programs. 

The DSRV mates to the escape hatch of the 
submarine, and rescue is accomplished by direct 
transfer of personnel from the stricken submarine 
to the rescue vehicle (Figure 34). The DSRV, 
DSSV, and numerous other small submersibles 




Figure 34. Artist’s concept of the DS.R V. 
(Navy photo) 



have manipulators that could be used to a limited 
extent to free entangled vehicles. 

The Coast Guard has the major responsibility 
for search and rescue at sea. It has joined with 
industry to develop expertise and tools necessary 
for effective search and rescue. A Mutual Assist- 
ance Rescue and Salvage Plan (MARSAP), now 
being formulated, will provide the Coast Guard 
with a limited, interim capability for undersea 
rescue. 

The search phase of at-sea operations depends 
on the search rate and the search party’s naviga- 
tional accuracy. With aircraft and airborne radar 
the rate for surface search can be quite high, 
perhaps 4,000 square miles per hour. Underwater 
search, however, undertaken by surface ships 
towing sensors or by submersibles, is extremely 
slow— about 0.1 square mile per hour-as indicated 
by the Scorpion search. 

This underlines the major reason for the high 
cost of underwater search— the search rate. Better 
surveillance of surface and underwater traffic can 
improve locational accuracy, thereby decreasing 
the time and expense of search operations. 

b. Future Needs The Coast Guard, working 
closely with the Navy, should be given responsi- 
bility for search and rescue operations in the 
undersea frontier. It should work closely with 
safety and certification experts in industry to 
establish standards to minimize undersea acci- 
dents. When determined practical by the Coast 
Guard, safety and rescue apparatus (such as 
tracking pingers, lifting eyes, and standard mating 
hatches) should be required on undersea systems. 
As the number of undersea vehicles a”d installa- 
tions grows, control over vehicle movement will 
become necessary, especially in congested or re- 
stricted areas. 

Divers and submersibles will be called on to 
perform a variety of search, location, and identifi- 
cation tasks. These will be an essential part of 
most salvage and rescue operations unless a target s 
position is precisely known and the area is not 
susceptible to ocean currents or sediment trans- 
port. Reliable, high-resolution sensors to locate 
small objects resting on cluttered bottoms or in 
sediment will be necessary. 

Identification is a real problem. Visual observa- 
tion is the most reliable technique, yet is slow and 
difficult vdthout a maneuverable high endurance, 



1'j8 



VI -97 



333-091 0-69—11 




manned submersible equipped with observation 
systems, precise position systems, and digging and 
scraping tools. 

3. Salvage and Recovery 

a. Current Situation Presently there exists a 
substantial capability to locate, identify, and 
recover small objects at continental shelf depths 
and large objects in shallower water. In excep- 
tional efforts, recovery has been achieved at 
greater depths. The Navy large object salvage 
program was directed at combining surface ships, 
lift equipment, and divers to lift submarines and 
other wreckage from depths of 850 feet. Unfortu- 
nately, only limited funds have been available to 
support development in this area. 

The best salvage and recovery system depends 
on the geometric configuration, condition, prox- 
imity to the shoreline, depth, and extent of 
flooding and burial of target. A small surface vessel 
with divers and manually controlled equipment 
may suffice for small objects in clear, shallow 
waters. In other operations, it could be necessary 
to employ large, deep-diving work vehicles oper- 
ating as part of a more complex system. 

The surface vessel approach to salvage opera- 
tions is obviously limited by diver depth capabili- 
ties. Hollow structures (like airplanes or cabin 
cruisers) might be raised from shallow depths by 
filling with low-density foam (Figure 35). During 
the Sealab II Project in 205 feet of water, a foam 
formed of resin, catalyst, and methylene chloride 
delivered through hoses by a diver-held gun was 
introduced inside an airplane hulk. It displaced 
enough water to raise the hulk. 




figure 35. Artist's concept of a sunken air- 
craft being prepared for salvage by divers. 
(Navy photo) 



Recovery of small objects from depths below 
diver capabilities has been accomplished. The 
Navy’s CURV and several commercial systems 
have recovered numerous torpedoes on test ranges. 
However, when an object is lost in an uncharted 
area of rough terrain (as off Palomares, Spain) the 
search, identification and recovery problems are 
magnified. Relief maps of the area must be 
prepared. At Palomares, they were based mostly 
on observation by television cameras mounted on 
CURV and extensive extrapolation by graphic arts 
personnel. 

Great depths-2,85v feet at the Palomares 
recovery point (Figure 36)— further complicate the 
operation. The lost weapon slipped several times 
to greater depths. Had it slipped down the next 
steep slope, recovery by the CURV would have 
been precluded by the added depth, and recovery 
by any existing system would have been doubtful. 




Figure 36. Bottom topography off Palomares \ 
Spain, site of nuclear weapon recovery. Points 
of interest are: (1) original point of weapon's 
impact on bottom, (2) position to which it 
slid, it was first sighted, and first recovery 
attempts were made, (3) take-off point of 
CUR V unmanned vehicle for first recovery 
attempt, (4) position of weapon after second 
slide, (5) final lift-off point for successful re- 
covery. (Navy photo) 



b. Future Neods Better underwater observation 
and terrain mapping equipment, power sources, 
and tools are needed for recovery operations. 
Better underwater cutting, welding, grappling, 
hooking, drilling, and methods to control lift 
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(including constant tension winches and computer 
solutions of buoyancy and stability problems) are 
required. Needed are advanced attachment devices 
to lift large, cumbersome items. A special problem 
is containing and recovering dangerous liquid 
cargoes. 

Recovery operations at increasing depths will 
necessitate developing submersible systems with 
specialized heavy duty external equipment. For 
certain applications, hovering capability during 
operations, creation of excess buoyancy for lift, or 
attachment of a recovery device to an object will 
be necessary. Under conditions that obviate 
optical observation, sensors will have to define 
precisely the position of tools relative to the 
sunken object. A family of recovery devices will be 
necessary to accommodate the number of shapes, 
sizes, and types of objects. 

4. Conclusions 

Undersea systems are vulnerable to damage 
from earthquakes and other natural events, explo- 
sive forces from accident or enemy action, mal- 
functions of internal and external subsystems 
which may prevent surfacing or result in fire. 

Loss of life from underwater accidents is 
unnecessary and could slow exploitation of the 
undersea frontier. Almost no research and develop- 
ment is being pursued on the cause and forecast of 
hazards, the prevention of disasters, and emer- 
gency procedures other than fire fighting. 

Only limited capability exists for deep undersea 
search and rescue. The Navy’s Deep Submergence 
Rescue Vehicle requires that modifications be 
made to combatant submarine hatches. The 
system’s usefulness for rescue of small submers- 
ibles will be limited to such assistance as attach- 
ment of lift lines, observation, and communica- 
tion, because a small submersible’s size precludes 
incorporation of a mating hatch. 

U.S. salvage and recovery capability to present 
diver depths is good and will improve substantially 
when saturation diving to 850 feci becomes a 
Navy fleet operational capability over the next few 
years. Deeper recovery capability has advanced 
little since a few scraps of the U.S.S. Thresher 
were obtained following months of effort. Techno- 
logical development is needed in the areas ox: 

—Platforms with high-endurance and maneuver- 
ability. 



-Search, location, and identification systems. 

—Lift systems. 

-Recovery, attachment, and viewing systems and 
tools. 

Recommendations: 

The Coast Guard should set standards and inspect 
and certify safety engineering of undersea systems. 

It should conduct research and development to 
identify hazard sources, safe materials, equip- 
ments, and methods, and document means of 
coping with emergencies that may occur in under- 
sea vehicles, structures, and operations. A principal 
objective should be the interchange of information 
among government and industrial designers, opera- 
tors, and other agencies concerned with safety and 
certification. Efforts of the group established to 
develop a Mutual Assistance Rescue and Salvage 
Plan (MARSAP) are an example of desired inter- 
change. Another important objective should be 
administration of rules regarding experimental and 
test devices, vehicles, and structures. Intelligent 
regard for safety without hampering useful techno 
logical and scientific progress is a necessity. 

The Coast Guard’s search and rescue mission 
should be extended beneath the seas. Developing 
an operational capability should be coordinated 
closely with present Navy efforts. This capability 
should be commensurate with the rate of indus- 
trial and recreational advancement into the sea and 
should concentrate on developing systems to 
2,000 feet within 5 years and 20,000 feet within 
10 years. The Navy rescue program should be 
given sufficient priority to achieve an operational 
system on the current schedule. 

Navy salvage development efforts to saturation 
diving depths should be renewed and should 
include an effort to extend the capability to 2,000 
feet within 5 years. Deep ocean recovery should 
receive high priority and should be routinely 
operational to 20,000 feet within 10 years. 

IV. NEARSHORE ACTIVITIES 

The nearshore zone consists of the land 
immediately adjacent to the sea and the waters 
over the continental shelf to the 2,000-foot con- 
tour. Inshore areas are those in most intimate 
contact with the shoreline. 
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Because of expanding industrialization and 
trade, increased leisure time, and greater dispos- 
able incomes of growing populations, the near- 
shore zone has been under increasing pressures, 
resulting in serious degradation in many places. 
Multiple use of this zone must be carefully 
planned to accommodate the interests of recrea- 
tion, science, waste disposal, and commercial 
development. 

Pollution, long a growing problem, now has 
reached proportions requiring not only positive 
control but active restoration in some nearshore 
areas. Coastal scientific and engineering efforts are 
necessary to gain a better understanding of shore 
processes, to halt harmful erosion of beaches, and 
to restore selected coastlines to a useful condition. 

The Coast Guard role must be broadened and 
reinforced to provide the necessary services associ- 
ated with preserving neai ‘.ore areas. These serv- 
ices are vital to the nation’s utilization of the 
shelves and the deeper ocean. Initial effort must be 
concentiated on the nearshore area and much of 
the technology needed to resolve the problems is 
at hand. 

The ocean transportation industry and the 
Nation’s harbors suffer from many deficiencies. 
Technical aspects require an overall transportation 
system approach to research and development 
programs, ship and cargo handling design, and 
harbor development and renovation. 

A. Pollution 

Much has been stated about inshore pollution 
control and abatement, waste disposal, and waste 
reuse. These problems will not be reitereated 
because investigation reveals that intensive steps 
already are under way to attack these problems. 

The relationship of pollution abatement to 
water quality restoration is defined in detail in 
Section V, Great Lakes Restoration. There is a 
clear need to assure that abatement is positively 
pursued concurrently with restorative measures. 
Restoration can be investigated under more con- 
trolled conditions in the Great Lake?, a closed 
system. Hence, it is recommended that initial 
attempts at water quality restoration be under- 
taken there. A national commitment is needed to 
establish and enforce water quality standards and 
to support technology development necessary to 
establish the base for water quality improvement. 



However, one critical problem is enforcement 
of existing standards. Research indicates that it 
strict enforcement were applied to primary treat- 
ment, if each industry followed good pollution 
control practices, and if industry would plan 
systematically new facilities with adequate incor- 
porated advanced pollution control, pollution 
would be abated effectively. 

This section is addressed only to some advanced 
pollution monitoring techniques and to sea oil 
pollution problems. Section V-D discusses restor- 
ative measures specifically applicable to fresh 
water lakes. 



1 . Current Situation 

a. Advanced Pollution Monitoring Techniques 
An example of an advanced pollution monitoring 
method is use of infrared techniques. Research and 
development of infrared imagery in pollution 
detection and monitoring has been pursued for 
several years. 

Infrared imagery is the photographic product of 
remote spectral sensing of infrared radiation emit- 
ted by material having temperatures greater than 
absolute zero. The principal device, the airborne 
infrared imaging line scanner, is extremely sensi- 
tive to small thermal differences. It operates in the 
invisible portion of the spectrum in either the 3 to 
5 or 8 to 15 micron ranges. 

Infrared imagery can furnish the oceanographer 
with valuable basic data unobtainable by any other 
sensor. It has been used to locate and map the 
Gulf Stream; it is being used for studies of 
estuaries. For military intelligence gathering and 
targeting purposes it has been operational for 
many years. However, its use in oceanography has 
been recent and limited. 

Current studies indicate the following potential 
uses of infrared imagery in rivers and estuaries: 

—Mapping estuarine surface circulation patterns. 

—Mapping tidal variations and circulation patterns 
(ebb vs. flood). 

— Semiquantitative mapping of estuarine surface 
temperatures. 

—Defining main channels of rivers and estuaries by 
streamlines, turbulence, and thermal patterns. 
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—Estimating and mapping salinity patterns of 
estuaries under optimum thermal-salinity relation- 
ships. 

—Delineating drainage patterns of tributaries 
having heavy overhanging foilage. 

—Identifying well mixed and poorly mixed estu- 
aries. 

—Identifying bed and bank sediments. 

—Locating offshore bars and breaker regions. 

—Monitoring construction of such harbor engi- 
neering structures as jetties, docks, groins, etc., 
and their effect on circulation patterns and sedi- 
ment dispersal. 

—Locating sources of pollution having thermal 
characteristics. 

—Detecting both submarine and terrestrial springs. 
—Studying water turbulence. 

—Recording wind streaks, hence wind direction. 
—Locating shoal areas. 

—Locating sea ice and identifying its type, age, and 
fracture patterns. 

Studies using infrared were conducted in 1966 
on the Merrimack River Estuary, Massachusetts, 
by the U.S. Geological Survey. Airborne infrared 
imagery was obtained in August and September of 
the estuary from Haverhill to Plum Island at low, 
flood, high, and ebb tides. 

From the imagery, thermal effects of papermill 
waste, its diffusion in the river at various phases of 
the tidal cycle, and individual sewage outfalls were 
detected easily. Estuarine flushing was found to 
vary widely in different parts of the lower estuary. 
The surface expression of the freshwater-seawater 
interface could be seen clearly. 

Infrared imagery in the Merrimack study pro- 
vided a synoptic, integrated, comprehensive, and 
rapid method to detect pollution sources involving 
thermal differences. It was useful in determining 
circulation patterns in the estuary. The imagery 
provided a synoptic view of the estuary surface’s 
thermal condition at high, low, flood, and ebb 
tides. It precisely delineated the salt water front at 
flood and high tides and defined the main channel 
at low and ebb tides. 



The imagery also disclosed that the salt water 
front during flood tide diverts the polluted river 
discharge to the southern shore and over the 
shallow shellfish areas, thereby causing contamina- 
tion. Data collected on temperature, salinity, tidal 
fluctuations, etc., provided a standard for semi- 
quantitiative interpretation of the imagery. Dis- 
advantages of the infrared system are that it is not 
an all-weather reconnaissance system, it reveals 
nothing about the type of pollutant, and it 
determines relative, rather than absolute, temper- 
atures. 

Other successful experiments using airborne 
infrared systems for thermal pollution studies are 
being conducted in the Columbia River at Rich- 
land, Washington. Infrared imagery and radio- 
metric measurements are being collected from 
aircraft, and the data are being processed by 
several computer techniques developed to produce 
qualitative and quantitative displays. One is used 
for qualitative evaluation of thermal data from a 
three dimensional color display (Figure 37). 




Figure 37. Oblique three-dimensional display 
of infrared image collected over Columbia 
River near nuclear reactor site of the Atomic 
Energy Commission ’s Hanford Project . 

( Baltelle Northwest photo) 

Turbulence patterns and mixing zones near 
atomic reactor coolant discharge points in the 
Columbia River are being determined. Isothermal 
maps of the river surface are being plotted. The 
rapid scanning infrared imaging systems obtain 
measurements that reveal detailed turbulence and 
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mixing zones otherwise extremely difficult, if not 
impossible, to define. Isothermal plots of the river 
surface indicate the magnitude and aerial distri- 
bution of the heat discharge to the river. Hot 
spring development along the river bank, due to 
discharge of reactor coolant into a trench near the 
river, also has been defined. 

b. Oil Pollution and Other Hazardous Substances 7 
Pollution of the environment by oil and other 
hazardous materials can occur almost anywhere at 
any time. Some recent examples in the United 
States and its possessions are: 

- San Juan , Puerto Rico (1968). The tanker, S.S. 
Ocean Ecigle, carrying 5.7 million gallons of crude 
oil from Venezuela, ran aground, broke in half, 
and spilled more than 2 million gallons of oil in 
the water (Figures 38 and 39). 




Figure 38. Oil streaks from derelict bow sec- 
tion of oil tanker S.S. Ocean Eagle. (Coast 
Guard photo ) 



-York River, Virginia (1967). The Liberian regis- 
tered tanker, S.S. Desert Chief, lost between 500 
and 1,200 barrels of crude oil during unloading 
operations. An estimated 10 miles of the York 
River and several recreational beaches were fouled, 
and waterfowl were killed. 

-Cape Cod National Seashore (1967). Several 
large slicks of oily material contaminated about 30 



7 Most material from here to the end ot the discussion 
on the current situation was taken from: Secretary of the 
Interior and Secretary of Transportation, Oil Pollution* A 
Report to the President, Washington: Government Print- 
ing Office, February 1968. 




Figure 39. Pelican caught by great oil slick 
from tanker S.S. Ocean Eagle. (Coast Guard 
photo) 



miles of coastline, including recreational beaches, 
and many ducks and other waterfowl were killed. 
The source of the material was not determined. 

-Long Beach, California (1966). A levee around 
an oil company’s holding pond broke in a storm, 
and 200 barrels of crude oil were dumped into the 
harbor. 

—Missouri River (1966). A chemical company s 
storage tanks ruptured, discharging 50,000 gallons 
of ammonium hydroxide, 100 tons of molasses, 
and 1,000,000 gallons of liquid fertilizer into the 
river. 

—Mississippi River (1965). A hurricane sank a 
barge loaded with 600 tons of chlorine, necessi- 
tating evacuation of area residents i n Louisiana 
during salvage operations. 

—Spring Creek, Missouri (1965). Railroad tank 
cars containing 20,000 gallons of cresylic acid and 
40,000 gallons of high octane gasoline were 
derailed, spilling their contents into the creek. Fish 
were killed, and groundwater supplies were con- 
taminated. Downstream water users were notified, 
and further damages were averted. 

-Minnesota-Mississippi Rivers (1963). Storage 
tanks ruptured, spilling 2,500,000 gallons of crude 
soybean oil and 500,000 gallons of salad oil. Two 
thousand ducks were killed, and recreation and 
wildlife areas were fouled for 130 miles down- 
stream. 
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-Chattahoochee River , Georgia (1963). A burst areas require both government and industry to 
pipeline spewed 60,000 gallons of kerosene into give careful attention to pollution control meas- 



the river five miles above one of Atlanta’s water 
supply intakes. The river was polluted for three 
weeks. A treatment plant supplying one-fourth of 
Atlanta’s water was shut down for two days, after 
which greatly increased chemical treatment of the 
water was necessary. 

- Coosa River , Alabama (1963). A tractor-trailer 
hit a bridge and spilled 25 tons of barium 
carbonate. Downstream water supplies were 
threatened. 

— Minnesota River (1962). A storage facility pipe- 
line broke, releasing about 1,400,000 gallons of 
cutting oil, light mineral oil, and zylene into the 
river. 

-Illinois River (1961). At Peoria, Illinois, a hose 
ruptured during the unloading of anhydrous 
ammonia from a barge. Forty -two persons were 
hospitalized, and 5,000,000 fish were killed. 

—Mississippi River (1960). Industry drained several 
tons of phenol into the river near Baton Rouge. 
Water supplies for New Orleans and nearby 
communities were contaminated. 

These are only a few of the almost continuous 
series of similar experiences reported across the 
nation in lakes, rivers, and territorial waters. 

Oil and other hazardous materials constitute a 
major pollution threat to the Nation’s water 
resources. The danger exists both inland and along 
the coasts. Whether the spill is large or small, 
occasional or continuous, each source must be 
evaluated for (1) the relative hazards involved, (2) 
the preventive measures that should be instituted, 
and (3) the damage-control and cleanup capabili- 
ties that may be needed. 

(L) Waterborne Sources of Oil Pollution With 
the growth of world and domestic commerce, 
increasing numbers of vessels of generally larger 
capacity have been required. Almost exclusively, 
oil is the fuel of the waterborne commercial fleets, 
and perhaps one vessel in five is engaged also in 
transporting oil. Thus, water transport constitutes 
a great potential pollution threat. The great 
numbers of these possible pollution sources and 
the fact that they are mobile over extensive water 



ures. 

The quantities and varieties of oils and other 
hazardous materials transported and stored by 
industry are staggering. For example: 

—Four billion barrels of petroleum and natural gas 
liquids are used annually in the United States, and 
the figure is expected to reach 6.5 billion barrels 
by 1980. 

-Twenty-five billion pounds of animal and vege- 
table oils are consumed or exported annually. 

-Eighty billion pounds (1964) of synthetic 
organic chemicals are produced annually by some 
12,000 chemical companies. These chemicals, 
many toxic or with unknown effects on aquatic 
and even human life, range from everyday food 
flavorings to pesticides. 

No readily available compilation exists of the 
number, size, and character of facilities for moving 
and storing these materials. However, the quanti- 
ties indicate the high probability of pollutants 
spilling into the Nation’s waters from transporta- 
tion and terminal facilities. 

Newspaper headlines seldom announce the flow 
of 10 or 30 or even 300 gallons of waste oil into a 
nearby stream or lake. The event is proclaimed 
only by the trail of grime and damage left behind. 
These catastrophes might go unnoticed except that 
they are repeated so often. 

(2.) Pipelines This country is laced by 200,000 
miles of pipelines with pressures to 1,000 pounds 
per square inch. These lines carried more than one 
billion tons of oil and other hazardous substances 
in 1965. Many sections are laid in and across 
waterways and reservoirs. Lines are heavily con- 
centrated where the demand for petroleum prod- 
ucts is great— in the most populous areas along the 
coasts, rivers, and lakes. Thus, our pipeline system 
threatens pollution of our waterways, port areas, 
and sources of drinking water. There are enough 
leaks from accidental punctures, cracked welds, 
and corrosion to require alertness and technical 
improvement. 

(3.) Offshore Petroleum Offshore oil and gas 
operations are being conducted in the Gulf of 



Mexico, off Southern California, in Cook Inlet, 
Alaska, in the Great Lakes, and even off the East 
Coast. For example, in the Gulf of Mexico almost 
6,000 wells have been drilled since 1960, and 
thousands of miles of oil and gas pipelines 
crisscross the Gulfs floor. 

Such operations may pollute offshore waters 
through well blowouts, dumping oil-saturated 
drilling muds and oil-soaked cuttings, and oil lost 
in production, storage, and transportation. Pipe- 
lines on the seabed from the offshore platforms to 
storage facilities also threaten pollution if ruptured 
by storms or ships’ anchors. 



2. Future Needs 

A major effort must be undertaken to curtail 
oil pollution from ships and oil rigs. A systems 
approach to preventing pollution spillage at sea, 
how to monitor it, and how to disperse it is 
discussed in the following pages. 

The shipping and oil industries have some 
methods to prevent spills and to clean up those 
occurring. Most are suitable only for small spills; 
many require bulky equipment or chemicals diffi- 
cult to carry to the scene. Therefore, one approach 
to combat oil spills is to make equipment and 
materials more readily transportable. Another is to 
adapt present methods to be effective against the 
largest spills. 

In chemical, food, and other industries there 
are agents, systems, and procedures for the con- 
trol, dispersal, or conversion of petroleum-like 
substances. A search of other industries is needed 
for techniques and equipment adaptable to con- 
trolling oil spills. 

Finding and applying existing techniques and 
equipment may offer hope of a rapid solution to 
the oil pollution problem, but that solution may 
not be best. Concurrently, research and develop- 
ment efforts should seek completely new solu- 
tions. 

The problem can be subdivided according to 
the condition or location of the dangerous cargo 
and the response time of a remedial system. Figure 
40 lists nine combinations of cargo condition and 
response time, giving each an environmental 
number- Figure 41 lists some remedies or remedial 
systems and the environmental number (or alter- 
nate) to which they probably would apply best. 



Figure 40 



ENVIRONMENTAL NUMBERS 



Cargo 

^'\Condition 

Response 

Time 


In 

Hull 


Escaping 
or Near 
Hull 


Far From 
Hull 


Before 
1 mminent 
Casualty 


1 


N.A. 1 


N.A. 1 


024 Hours 
After Casualty 


2 


4 


6 


1-20 Days 
After Casualty 


3 


5 


7 



1 Not applicable. 

Source: Trident Engineering Associates, Inc., "A Possi- 
ble Solution to Pollution of the Sea and Shore by Oil 
Tankers," unpublished report to the Commission (An- 
napolis, Maryland, 1968), p. 2. 



Figure 41 

CONTROL TECHNIQUES WITH APPRO 
PRIATE ENVIRONMENTAL NUMBERS 



Control 
Techniques or 
Systems 1 


Environ- 

mental 

Number 2 


Build foam barriers into cargo tanks 
(oil-permeable impedance) 


1 


Solidify oil 


1 


Design safety features into tank 


1 


Inject foam sealant into selected tanks 


2 


Act to free grounded ship (sacrificial 
approach) 


2 


Gel oil 


2(1) 


Close tank vents (escape impedance) 


2 


Pull light vacuum on selected tanks 


2 


Unload tanks to free ship, using 
stored high-pressure air 


2 


Sluice cargo between selected tanks 


2 


Install water ballast tanks in 
critical areas 


2(1) 


Burn oil above tanker 


2 


Solidify oil in selected areas 


2 


Build sealing devices into tank 


2(1) 


Design air-transportable super- 
foam sealant system 


3 


Heat oil ready to pump 


3(2) 


Bring in emergency high capacity 
pumping system 


3 
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